
Utah State University Utah State University 

DigitalCommons@USU DigitalCommons@USU 

All Graduate Theses and Dissertations Graduate Studies 

5-1967 

Forage Yield and Chemical Composition of an Orchardgrass-Forage Yield and Chemical Composition of an Orchardgrass-

Bromegrass Pasture Mixture as Influenced by Clipping Frequency, Bromegrass Pasture Mixture as Influenced by Clipping Frequency, 

Nitrogen Fertilization and Irrigation Regime Nitrogen Fertilization and Irrigation Regime 

Vinayak G. Gawai 
Utah State University 

Follow this and additional works at: https://digitalcommons.usu.edu/etd 

 Part of the Plant Sciences Commons 

Recommended Citation Recommended Citation 
Gawai, Vinayak G., "Forage Yield and Chemical Composition of an Orchardgrass-Bromegrass Pasture 
Mixture as Influenced by Clipping Frequency, Nitrogen Fertilization and Irrigation Regime" (1967). All 
Graduate Theses and Dissertations. 3996. 
https://digitalcommons.usu.edu/etd/3996 

This Dissertation is brought to you for free and open 
access by the Graduate Studies at 
DigitalCommons@USU. It has been accepted for 
inclusion in All Graduate Theses and Dissertations by an 
authorized administrator of DigitalCommons@USU. For 
more information, please contact 
digitalcommons@usu.edu. 

https://digitalcommons.usu.edu/
https://digitalcommons.usu.edu/etd
https://digitalcommons.usu.edu/gradstudies
https://digitalcommons.usu.edu/etd?utm_source=digitalcommons.usu.edu%2Fetd%2F3996&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/102?utm_source=digitalcommons.usu.edu%2Fetd%2F3996&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.usu.edu/etd/3996?utm_source=digitalcommons.usu.edu%2Fetd%2F3996&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@usu.edu
http://library.usu.edu/
http://library.usu.edu/




To my be l oved wife Seema Gawai 

ii 



ACKNOWLEDGMENTS 

I am extremely thankful to Dr. Marion W. Pedersen and Dr. DeVere 

R. McAlli ster for their useful sugge stions, and helpful cri ti cism during 

the preparation of this dissertation . 

give sincere thanks to Dr. Keith R. Allred for his interest and 

useful suggestions during the course of the investigations and experi -

ments. His way of persuasion and encouragement during the various 

vicissitudes of investigations have helped me to a great extent. Grate­

ful thanks are due to Dr. R. L. Smith, Dr . Lynn Davis and Professor 

Gerald Bake r for their valuable suggestions and criticism on my re search 

and other academic work. 

I am grateful to the Government of India, Ministry of Education for 

an award of a scholarship and to the India Meteorological Depar tm ent for 

a grant of special leave. 

I thank Mr. Gopal Prasad Das for his help on several occasions 

during the preparation of this dissertation. 

also express my appreciation to my wife, Mrs. Seema Gawai, for 

her great patience and encouragement d•.1ring the course of my s tudies. 

ViMyolv G Geu.V>:>..:_ 

Vinayak G. Gawai 



TABLE OF CONTENTS 

ACKNOWLEDGMENTS iii 

LIST OF TABLES vii 

LIST OF FIGURES xii 

ABSTRACT 

INTRODUCTION 

REVIEW OF LITERATURE 3 

Influenc e of Cutting Management on Production and 
Quality of Forage . . . . . . . . . . . . . 3 
Influenc e of Nitorgen Fertili zation on Pro duction and 
Quality of Pasture . . . . . . . . . . . . . . . . 6 
Influence of Irrigat i on on Production and Qua lit y 
of Grass Forages . . . . . . . . . . . . . . . . . 10 
Influence of Cutting Frequency, Irrigation, and Nitrogen 
Fertilization on Producti on and Quality of Grass - Forage 15 

METHODS AND MATERIALS 19 

Expe rimental Design 19 
Irrigation . . . . . 20 
Nitroge n Fertilization 21 
Clipping Frequency 22 
Pasture Mixture 22 
Yield Da ta . . . . 23 
Chemical Analysis 23 

Procedures for chemical analys i s 23 

Computing Procedure 26 

EXPERIMENTAL RESULTS AND DISCUSSION 28 

Average Dr y Matte r Yield as Influenced by the Different 
Treatments and Their Combina tions 28 

Response to years . . . . . . 29 
Res ponse to irrigation 29 
Re sponse to nitrogen fertilizatio n 32 
Res ponse to different harvests 35 
Interaction of year x nitrogen fertiliza t ion 38 
Interaction of year x harvest . . . . . . . . 38 



Interaction of nitrogen fertilization x 
harvest .. 
Interaction of year x irrigation x harvest 
Interaction of year x nitrogen fertilization x 
harvest 

Inf luence of Treatments on Nitrogen Content of 
Pasture Mixture Within C-1 and C-2 Frequenc i es 

Response to years . . . . . . 
Effect of irrigation on nitrogen content 
Effect of nitrogen fertilization on nitrogen content . 
Effect of different harvests on nitrogen content 
Effect of interaction of year x harvest on nitrogen 
content . . . . . . . . . . . . . . 
Effect of the interaction of irrigation x nitrogen 
fertilization on nitrogen content 
Effect of interaction of nitrogen ferti lization x 
harvest on nitrogen content . . . . . . . . 

Influence of Treatments on Phosphorus Content of Grass 

42 
45 

47 

49 

49 
51 
54 
54 

57 

60 

60 

Pasture Mixture 64 

Response to years 65 
Effect of nitrogen fer tiliza tion on phosphorus 
content . . . . . . . . . . . . . . . . . . 65 
Effect of different harvests on phosphorus content 68 
Effect of interaction of year x harves t on 
phosphorus content . . . . • . • • . . . . . 68 
Effect of the int erac tion of nitrogen fertilization 
x harvest on phosphorus content . . • • . 71 

Influence of Treatments on Potassium Content of Grass 
Pasture Mixture 

Response to years 
Effect of nitrogen fertilization on potassium 
content . . . . . . . . . . . . .... . . . 
Effect of different harvests on po t assium content 
Effect of the i nteraction of year x harves t on 
potassium content .. 

I nfluence of Treatment s on Calcium Content of Grass 

75 

75 

77 
77 

80 

Pasture Mixture 83 

Response t o years 83 
Effect of nitrogen fertilization on calc ium content 85 
Effect of different harvests on calc ium content 85 
Effect of year x harvest on ca l cium con t ent 88 

Influence of Treatnc L t t ~ on the Copper Content of Grass 
Pasture Mixture 91 



Response t o years . .. ... . . .. . .. . . 
Effect of different har ves t s on copper content 
Effect of interaction of year x harvest on 
copper content 

I nfluence of Treatments on Iron Content of Grass 
Pa sture Mix ture 

Res ponse t o years 
Effect of nitrogen ferti lizat i on on iron content 
Effect of different harves t s on the iron content 
Effec t of interaction of year x harvest on iron 
content 

Influence of Treatment s on Manganese Content of Grass 
Pasture Mixture 

Response to year s 
Effect of nitrogen fertilization on manganese 
cont en t . 
Effect of 
Effect of 
x harvest 
Effect of 

di fferent harvest s on manga nese content 
an interaction of nitrogen fertil ization 
on manganese conte nt . , . . . . . 
an interaction of year x harve s t on 

manganese content . . 

Inf luence of Tr eatmen t s on Zinc Content of Grass 

91 
93 

93 

98 

98 
100 
100 

103 

106 

107 

10 7 
110 

110 

114 

Pasture Mix ture 117 

Res ponse t o year s 118 
Effec t of different harves ts on zinc content 118 
Effec t of int er action year x harves t on zinc con t en t. 121 

SUMMARY AND CONCLUSIONS 125 

LITERATURE CITED 127 

APPENDIXES 137 

Appendix A. Working Princi pl e of Atomic Absorption 
Spectrophot omet er 138 
Appendix B. Tables 140 

VITA 194 



LIST OF TABLES 

Table Page 

l. Effect of years on average dry matter yield fo r C-1 
and C-2 cl i pping frequencies ( 1901- 1964 ) . • . 30 

2. Effect of irrigation on the average dry matter yi e ld for 
C-1 arid C-2 clipping frequencies (1961 - 1964) . 30 

3. Effect of nitrogen fer t ilization on average dry matter 
y i e ld for C-1 and C-2 clipping freque ncies . • 33 

4 . Effect of different harvests on the dry matter y i e ld 
for C- 1 and C- 2 clipping frequencies . 36 

5. Average dry matter yield as influenced by year and 
nitrogen fertilization f or C- 1 and C- 2 clipping 
frequencies . . . . . . 39 

6 . Average dry matter yield pe.r year as influenced by 
harvest for C-1 and C-2 clipping f r equencies . . . 39 

7. Average dr y matter yie ld pe r harves t as influenced 
by nitrogen fertilization for C-1 and C-2 c l ipping 
frequencies . . . . . . . 43 

8. Average dr y matter y i e ld per harve st as i nfluenced by 
year, irrigation f or C-1 and C-2 c lipping frequencies 46 

9. Average dr y matter yie ld s per harves t as influenced by 
years, and nitrogen fertilization for C-1 and C- 2 
clipping frequencies • . . . . . . 48 

10. Effec t of year on average nitrogen conten t for C-1 
and C- 2 clipping frequencies . • . 50 

11. Effec t of irrigation on the average nitrogen content 
for C-1 and C-2 clipping frequencies . • • • 52 

12 . Effect of nitrogen fertilization on average nitrogen 
content for C-1 and C- 2 clipping f r equencie s 55 

13 . Effect of different harvests on th e nitrogen con ten t 
fo r C-1 and C-2 clipping frequencies 55 

14. Average nitrogen cont ent per year as i n fluenced by 
harves t for C- 1 and C- 2 clipping frequenc i es . . • 58 



15. Average nitrogen content as influenced by irrigation 
and nitrogen fertilization for C-1 and C- 2 clipping 
frequencies . . . . . . . . . . . . . . . . . . . . . 61 

16. Average nitrogen content per harvest as influenced by 
nitrogen fertilization for C-1 and C-2 clipping 
frequencies . . . . . . . . . . . . . . . . . 61 

17. Effect of year on average phosphorus content per C-1 
and C-2 clipping frequencies . . . . . 66 

18. Effect of nitrogen fertilization on average phosphorus 
content fo r C-1 and C- 2 clipping frequencies . . . . . 66 

19 . Effect of different harvests on the phosphorus content 
for C-1 and C-2 clipping frequencies • . . . . . 69 

20. Average phosphorus content per year as influenced by 
harvest for C-1 and C-2 clipping freq uencies 69 

21. Average phosphorus con t ent per harvest as influenced by 
nitrogen fertilization for C-1 and C- 2 clipping 
frequencies . .. 

22 . Effect of year on average potassium content for C- 1 
and C-2 clipping frequencies 

23. Effect of nitrogen fertilization on average potassium 
content for C-1 and C-2 clipping frequencies 

24. Effect of different harvests on potassium content for 
C-1 and C-2 clipping frequencies 

25. Average potassium content per year as influenced by 
harvest for C-1 and C-2 clipping frequencies 

26. Effect of year on average calcium content for C- 1 and 
C- 2 clipping frequencies 

27. Effect of nitrogen fertilization on ave r age calcium 
content for C- 1 and C-2 clipping frequencies 

28. Effec t of different harvests on the calcium content for 
C-1 and C-2 clipping frequencies 

29. Average calcium content per year a s influenced by 
harvest for C-1 and C- 2 clipping freq uencies 

30 . Effect of year on average copper content for C-1 and 
C-2 clipping f requencies •. .. .•. . . 

31. Effec t of different harves t s on the copper cont ent for 
C-1 and C- 2 clipping frequencies . . • .• 

32. Average copper con tent per year a s influenced by >'""- ~· 
e:\ .; C L c. ~· "0 ,., ' , .. tt· ~ · ts 

72 

76 

78 

78 

81 

84 

86 

86 

89 

92 

94 



33. Ef fec t of year on average iron cont ent for C-1 and C-2 
clipping frequencies . . . . . 99 

34. Effec t of nitrogen fertilization on average iron content 
for C-1 and C-2 clipping frequencies . . 101 

35. Effect of different harves ts on the iron content for C-1 
and C-2 clipping frequencies 101 

36. Aver age iron content per year as influenced by harves t 
for C-1 and C-2 clipping frequencies . . . . . 104 

37. Effect of year on aver age manganese content for C-1 
and C-2 clipping fre quencies . . . . . . . . • . . . 108 

38. Effec t of nitrogen fertiliza tion on ave rage manganese 
content fo r C-1 and C-2 clipping f r equencies . . . . . 108 

39 . Effec t of different harvests on the manganese cont ent 
for C-1 and C- 2 c lipping frequencies • • • . • . . . . 111 

40. Average manganese content per harve st as influenced by 
nitrogen fertilization for C- 1 and C-2 clipping 
frequencies . . . • . . . . . . . . • • . . . . 111 

41 . Av erage manganese content per year as influenced by 
harves t fo r C-1 and C-2 clipping f r equenc i es . 115 

42 . Effec t of year on ave r age z inc content for C- 1 and C-2 
c l ipping fre quencies • . . . 119 

43. Effect of different harvests on the zinc content for C-1 
and C-2 clipping frequencies 119 

44. Average zinc content per year a s influenced by harve s t 
for C-1 and C-2 clipping frequenci es . . . . . 122 

45. Analysis of variance for dr y matter yi e ld within the 
C-1 clipping freque ncy, (1961 - 1964) 140 

46. Analysis of variance for dry matter yields within the 
C-2 clipping frequency, (1961-1964) 141 

47 . Analysis of variance for nitrogen content within the 
C-1 clipping frequency, (1961 - 1962) 142 

48. Analysis of variance for nitroge n contents within the 
C- 2 clipping f r equency, (19 61- 1964) . . . . . 143 

49 . Analys is o f variance for phosphorus contents within the 
C-1 clipping f requency, (1961 - 1964) . . . . . . 144 . 



50 . Analysis o f variance for phosphorus conten t within the 
C-2 c l ipping f r equency , (1961 -1 964) 

51 . Ana l ysis of variance for potassium content with i n th e 
C-1 clipping f r equenc y, (19 61- 1964) . .. ... . 

52. Anal ys is of variance fo r potassium content wi th in the 
C- 2 clipping f r equency, (1961-1964) ... . . . 

53. Ana l ys i s of var iance fo r calcium content within the 
C- 1 clipping f requency, (19 61-19 64) ..... . 

54. Ana l ys is of varian ce for calcium content within the 
C-2 c lipping f r equency, (1961-1964) •. 

55. Analysis of variance fo r copper content within t he 
C-1 c lipping f r equency, (1961-1 964) ..... . . . 

56 . Anal ys i s of var i ance for copper cont ent within the 

57 0 

C- 2 c l ipping frequency , (1961-1964) . . ..•. 

Anal ysis of variance f or iron c onte nt lvithin the 
C- 1 c lipping freq uency, (1961 - 1964) .. ...•. 

58 . Analys i s of variance f or iron cont ent within the 
C-2 c l ipping frequency, (19 61-1964) . ...•• . 

59 . Analysis of var iance for manganese conten t within the 
C-1 c lipping frequency , (19 61-1964) • .... .• 

60. Analysis of variance for manganese con tent within the 
C-2 clipping frequency , (1961-1964) ....•• . 

61. Anal ys i s of variance fo r z inc c ontent within the 
C-1 clipping f r equency , (1 961 - 1964) ..•.•.. 

62 . Ana lysis of variance for zinc conten t within the 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

L55 

156 

C- 2 c lipping f r equency, (1961-1 964) . . . . . . . 157 

63. Ave rage dr y matter yi elds for harves t as influenced by 
year, irrigation, and nitrogen fer tilization for C-1 
clipping frequency . . . . . • . . . . . . . . . . . 158 

64. Aver age dr y matter yie ld per harves t as influenced by 
year, irrigation, and nitrogen fer tiliza tion for the 
C-2 c lipping f r equency . . . . . . . . . . . . . . . 160 

65. Average nitrogen content per harvest as influenced by 
year, irrigation , and nitrogen fertil ization for C-1 
clipping frequency . . . . . . . . . . . . . . . . . 162 

66 . Aver age nitrogen con t ent per harvest as influenced by 
year, irriga t ion, and nitrogen fer tilizati on fo r the C-2 
c l ipping f r equency . . . . . . . . . . . . • . . . • . . 164 



67. Average phosphorus content per harvest as influenced by 
ye ar, irrigation, and nitr ogen fertilization for C-1 
clipping frequency ..•••.• 

68 . Average phosphorus content per harvest as influenced by 
year, irrigation and nitrogen fer tilization for the C- 2 
clipping freq uenc y . . .......•..••...• 

69. Average potassium content per harvest as in fluenced by 
year, irrigation and nitrogen fertilization for C-1 
clipping frequency . . . . . . . . . . . . . . . . . . 

70. Average potassium content per harvest as influenced by 
year, irrigation and nitrogen fertilization for the C-2 
clipping frequency . . . . . . . . . . . . . . . . . 

71. Average calcium content per harves t as influenced by 
year, irrigation, and nitrogen fertilizat ion for C-1 
clipping frequency . . .. .. . ...... .. . . 

72. Average calcium content per harvest as influenced by 
year, irrigation and nitrogen fertilization for the C-2 
clipping frequency . . . . . . . . . 

73. Average copper content per harvest as influenced by 
year , irrigation and nitrogen fertilization for C-1 
clipping frequency . . . .. ... . 

74 . Average copper content per harvest a s influenced by 
year, irrigation and nitrogen fertilization fo r the 
clipping frequenc y 

75 . Average iron content per harvest as influenced by 
year , irrigation arid nitrogen fertilization for C-1 
clipping f requency 

76 . Average iron content per harvest as influenced by 
year, irrigation and nitrogen fertilization for the 
clipping frequency 

C- 2 

C-2 

77 . Average manganese content per harvest as influenced by 
year, irrigation and nitrogen fertilization for C-1 
clipping frequency . . . . . . • . . . . . . . . . . • 

78 . Average manganese content per harvest as influenced by 
year, irrigation and nitrogen fertilization for the C-2 
clipping frequency . . . . . . . . 

79 . Average zinc content per harvest as influenced by 
year, irrigation and nitrogen fertilization for C-1 
clipping frequency . . . . . . .. 

80. Average zinc content per harvest as influenced by year, 
, ... J·• ..... _, 4 ( ..... ~ 1(._ tf. ~ 1•~ lo..- l1.c (2C'I: 1 

166 

168 

170 

17 2 

174 

176 

178 

180 

182 

184 

186 

188 

190 

9Z 



LIST OF FIGURES 

Figure 

1. Design showing r ep lica t io n, i r r iga tion, clipping and 
fer tiliza tion trea tme nts . . . . . . 

2 . Average seasonal dry matter y i eld of grass fo rage 
a s i nfl uenced by i r riga tio n reg i me 

3 . Aver age seasonal dry matter yield of grass fo rage 
as i nfluenced by nitrogen fert ilizati on 

4. Dry matt er yi e ld per ha rves t of grass forage fo r 

Page 

19 

31 

C-1 and C- 2 c l i pping fr equenc i es . . 3 7 

5. Av er age dr y matter yield per year as influenced by 
nitrogen for the C- 1 clipping freque ncy . . . . . 40 

6 . Avera ge dr y matter yie ld per year as influenced by 
nitrogen f or the C- 2 c lipping f r equenc y . . . . . 40 

7 . Average dr y matte r yi e ld per yea r a s inf luenced by 
the differ ent harves t s f or the C-1 c lipping fr e quenc y 41 

8 . Aver age dry matt er yi e ld per yea r as influenced by the 
differ ent harves t s for the C- 2 c lipping frequenc y 41 

9. Ave r age dr y matt er yi e ld per ha r ves t a s in f lue nced by 
ni.trogen ferti lizat i on fo r t he C-1 c lipping 
f r equency 44 

10 . Aver age dr y mat ter yi eld per ha r ves t a s inf luenced by 
nitrogen fertilization for the C-2 clipping 44 

11 . Average nitrogen content of grass forage as influenced 
by irrigation regimes f or the C-1 and C- 2 clipping 
f r equenc i es . . . . . • . . 53 

12 . Ave r age n i t rogen conten t of gr ass forage as in­
fl ue nc ed by nitrogen fe rtil iza tion fo r the C- 1 and 
C-2 c lipping freq uencies . . . . . . 56 

13 . Aver age ni trogen content per ha r ves t of gras s f orage 
the C-1 and C- 2 clipping fr equenci es . . . . . • . 56 

14. Aver age nitrogen content pe r year as influenced by 
the d if fe rent harvests f or the C- 1 clipping frequenc y .59 



15. Average nitrogen content per year as influenced by 
the di fferen t harves t s fo r the C- 2 cl i pping 
frequency . . . . . . . . . . . . . . 59 

16. Av e rage nitroge n content of grass forage as influenc ed 
by irrigation and nitrogen fertilization for C-2 
c l ipping frequ enc y . . . . . • . . . • . . . . . . . 62 

17. Ave rage nitrogen content per harves t as influenced by 
nitrogen fert ilizat i on fo r the C-1 clipping frequency 6j 

18. Average nitrogen cont ent per harves t as influenced by 
nitrogen fertilization for the C-2 cl ipping frequency 63 

19 . Average phosphorus con t en t of grass for age as in f luenced 
by nit rogen fertili zation • • . . • . . 67 

20 . Average phosphorus content per year as influenced by 
the different harvests fo r the C-1 clipping fr equency 70 

21 . Average phosphorus content per year as influenced by 
the di f ferent harves ts fo r the C- 2 clipping frequency 70 

22. Average phosphorus cont ent as influenc ed by nitrogen 
fertilization and the different harve s ts for the C-1 
clipping frequency . . . . . . . . . . . . . . . . . 73 

23. Ave ra ge phosphorus content as i nfluenced by nitrogen 
fertilization and th e different harves ts for the C- 2 
clipping frequency 

24. Ave rage potassium content of grass forage as influenced 
by nitrogen fertilization for the C-1 and C- 2 clipping 

73 

frequenci e s . . . . . . . . . 79 

25. Average potassium content pe r harves t of grass forage 
for the C-1 and C- 2 c lipping frequencies . . . . . 79 

26. Average po tas sium cont ent pe r year as influenced by 
the different harvests for the C-1 c lipping frequ enc y 82 

27 . Average potassium cont ent per year as inf luenced by 
the different harvests for the C-2 clipping frequency 82 

28 . Average calcium content of grass fo rage as influenced by 
nitro gen fertilization f or the C-1 and C-2 clipping 
frequencies . . . • • . . • . . 87 

29 . Average calcium content per harvest of grass forage 
for the C-1 and C-2 clipping frequencies 87 

30 . Average calcium content per year as influenced by the 
different harvests for the C- 1 clipping frequenc y 90 



31. Average calcium content per year as influenced by 
the different harvests for the C-2 c lipping 
frequency . . . . . . . . . . • . . . 90 

32. Average copper content per harvest of grass forage 
for the C-1 and C-2 c l ipping frequencies 95 

33 . Average copper content per year as influenced by the 
different harvests for the C-1 clipping frequency . . 96 

34. Average copper content per year as influenced by the 
different harvests for the C-2 clipping frequency . . 96 

35. Average iron content of grass forage as influenced by 
nitrogen fertilization for the C- 1 and C- 2 clipping 
frequencies . . . . . • . . . . . . . . . . . . . . . 102 

36. Average iron content per harvest of forage for the C-1 
and C-2 clipping frequencies 102 

37. Average iron content per year a s influenced by the 
different harvests for the C- 1 clipping frequency . lOS 

38 . Average iron content per year a s influenced by the 
different harvests fo r the C- 2 clipping frequenc y . 105 

39. Average manganese cont ent of grass forage as in fluenced 
by nitrogen fertilization for the C- 1 and C-2 clipping 
frequency • • . . • . . . . . 109 

40. Average manganese content per harves t of grass forage 
for the C-1 and C-2 clipping frequency . . . . . . 112 

41. Average manganese content pe r harvest as influenced by 
nitrogen for the C-1 clipping frequency . . . . . . 113 

42. Average manganese content per harvest as influenced by 
nitrogen fertilization for the C- 2 clipping frequency 113 

43. Average manganese content per year as influenced by 
di ffe r ent harvests for the C-1 clipping f r equency . 116 

44. Average manganese content per year as influenced by 
different harvests for the C- 1 clipping frequency . 116 

45 . Average zinc content per harves t of grass forage the 
C-1 and C- 2 clipping frequencies 120 

46 . Average zinc content per year as influenced by the 
different harvests for the C-1 clipping frequency . 123 

47 . Average zinc content per year as influenced by the 
different harvests for the C-2 clipping frequency . 123 



ABSTRACT 

Forage Yield and Chemical Composition of an Orchardgrass-Bromegrass 

Pasture Mixture as Influenced by Clipping Frequency, 

Nitrogen Fertilization and Ir r igation Regime 

by 

Vina yak G. Gawai, Doctor of Philosophy 

Utah State University, 1967 

Major Pr ofes s ors: Dr. Keith R. Allred 
Dr. DeVere R. McAllister 

De partment: Plant Science 

The influence of agronomic practices on forage production and 

chemical composition of an orchardgrass -bromegrass pasture mixture was 

studied at the Greenville Farm, Logan, Utah, during 1960-1964. The 

soi l is a we ll drained Mil lv i lle Silt loam that ha s about a one percent 

s lope and occurs on an al luvial fan . It is high in potash, phosphorus 

and ca l cium and is alkaline having a pH of 7.9 to 8.2. 

Analysis of the clipping frequency showed that the yield of forage 

from four harvests was greater than from five harvests. Thi s difference 

was greater on plots receiving high rates of nitrogen ferti lization , and 

frequent irrigation . Nitrogen, phosphorus, calcium, copper, iron and 

zinc contents were lower with four harvests and po tas sium and manganese 

contents were l ower with f i ve harvests. 

Forage production increased significant l y as the available moisture 

in the soil increased, producing the highest yie lds for the 5-da y irriga-

tion interval. Nitrogen, copper, ir on and z inc in the fo liage decreased 

and phosphorus and calcium increased with increasing soil mois ture. On 



the contrary, potassium content did not show a specific trend with 

increasing soil moisture. 

Nitrogen fertilization increased the forage dry matter production 

s ignificantl y giving the highest yield for 200 pounds of applied nitrogen 

per acre per season. The percentage of nitrogen in harvested forage 

decreased up to 100 pounds per acre of applied nitrogen and slightly 

increased with 200 pounds. Calcium, iron and manganese contents decreas ed 

and zinc content slightly increased with an increase in the amount of 

nitrogen fertilization. On the othe r hand, phosphorus, potassium and 

copper contents did not show a consistent trend with increasing nitrogen 

fertilization. 

A difference was noted between the amount of forage produced for 

different years. However, there was a tendency of decreasing forage 

yield with increasing age of stand . Nitrogen and phosphorus cont ents 

increased and copper, iron and manganese decreased signi f i cantly with 

the increasing age of stand. Potassium, ca lcium, and zinc contents 

showed a gradual decrease with the age of forage but there was a 

f l uctuating t endency in their content for different years. 

(210 pages) 
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INTRODUCTION 

The relation of soi l to the composition of agricultural products 

and through these to the nutrition of man and other animals, has been 

the s ubj ect of continuing investigation s ince the beginning of agricul­

tural science. 

More food is required to provide the energy needs of animals than 

for all o ther purposes combined, If this need is satisfied, it is 

likely that all other essentia l requirements will be covered. Energy, 

therefore, is a highly significant measure of nutritive value of feeds . 

The nutritive value of forages is determined by the presence of 

substances that are necessary for the health, growth, and reproductive­

ness of animals. Attention has shi fted from earlier studies on the 

obvious and exte nsive relationships of so il constituents with general 

and skeletal nutrition of animals to more detailed observations. These 

include nutritional requirements for grow th, lactation and reproduction, 

relations of the trace element s to the metabolism of other minerals, 

and to enzyme and vitamin synthesis and activation . 

From the standpoint of practical application, the value of forages 

is primarily dependent upon the content of mineral elements, protein 

and carbohydrates and their availability as digestib l e nutrients. 

Clipping and grazing studies have shown the yields of forage and 

plant nutrients to be inversely related to the frequency and the int en­

sity of defoliation. In order t o study the production and the quality 

of forage, th e clipping interval and the number of clippings should be 

taken into consideration. 



Water and the 13 mi neral nutrients generally regarded as essential 

fo r higher plant s ar e intricately inter twined in their effects on growth 

and reproduction. All are essential and yet so interdependen t that one 

cannot be considered without the o the r s during their transport f r om 

the so il to th e roots, and their translocat i on within plants. A 

deficienc y of one or more nutrie nt s can arrest r oo t development so that 

water extraction from the so il, particularly from deeper zones , is 

impa ired. Nu trient defic i enc y can r estr i c t the developme nt of s t ems and 

l eaves so that transpiration will be l ess than the po t ential evapo­

transpiration se t by the hea t available in the environment. 

Forage production has been the objec tive of much r e search in the 

past . A large part of this rese arch, however, has been more concerned 

with the es tablishment of the in f luence of nitrogen application on the 

botanical composition of forage rather than the chemical composition. 

Af t er it has been estab li s hed that crops r espond to nitrogen appli­

cation, it becomes, f r om both an economic and nutritio nal standpoint, 

an important consideration to e stablish th e response of forages to the 

abs orbtion of di ffe re nt minerals f rom the soi l. 

A s tud y was therefore undertaken to obtain information on the 

response of specific grasses t o two c lipping frequencies (harves t ed four 

times and five times in a season), fo ur nitrogen levels ( 0 , 50, 100, 

and 200 pounds per acre annual l y applie d in 50-pound increment s) , and 

fo ur irrigation intervals (long , medium, medium s hort, and s hort) for 

dry matte r production , nitrogen , phosphorus, potassium, calcium, 

copper, iron, manganese , and zinc cont ent. 



REVIEW OF LITERATURE 

In f luence of Cutting Management on 

Production and Quality of Forage 

Among the more important factors which affect the production of 

pastures and forages are soil ferti lity, species, grazing or clipping 

management, and the maintenance of fav orable soil moisture regions with­

in the root zones. The influenc e of clipping frequency upon yield, 

botanical composition and feed qua li ty has been reported by several 

workers. 

The effec t of cutting treatments on the yield and chemical composi­

tion of an alfalfa-bromegrass mixture was studied by Dotzenko and 

Ahlgren (1951) . In the ir study, plots we re cut when forage was 5", 

10", pre-bud, 1/10 bloom, full bloom and pod stages. The results 

showed that protein, potassium , and phosphorus content of the herbage 

decreases with advancing maturity, whereas the fiber and calcium content 

showed the r everse trend. Previous studies of alfalfa-bromegrass 

mixtures by Fuellman (1948) ; Rather and Harrison (1939); Comstock and 

Low (1948); Wagner and Wilkins (1947) and Churchill (1947) have shown 

that both the height and the frequency of cutting influence the yield 

and quality of herbage produced. 

Te sar and Ahlgren (1950) showed that under Wisconsin conditions, 

higher yi elds were obtained by making four cuttings per season than 

e ither two or six . In California, Peterson and Hagen (1953) studied 

the influence of clipping f r equency on produc tion and quality of four 
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irrigated pasture mixtures. They obtained increased yields as growth 

in t ervals were extended f rom two weeks to f ive weeks. Burton e t al. 

(1953) work ing with coas tal bermudagrass came to the conclusion that 

the annual dr y matter yield of bermudagrass increased until 12 weeks 

and decreased afterwards. They also s howed that fo rage harves t ed in 

the f irst 5 week pe ri od was about 4 percent more digestable than forage 

harves t ed during the next two 6 week periods . The thr ee ye ar ave rage 

dry matter anal ysis of coastal bermuda cut at 3 to 24 week intervals 

ranged from 18.5 t o 8. 4 percent for crude pro t ein, 27.0 t o 33.9 percent 

for crude fibre and 199,900 t o 32,800 I.U. per pound of v itamin A 

equiva l en t. 

Clipping and grazing s tudies have shown that the yields for forages 

and plant nutrients are inversely r e lated to the frequency and intensity 

of defoliation, (Biswe ll, 1933; Cook, 1953; Dwyer, 1963; Harlan, 1960; 

Neiland, 1956 ; Ho l scher, 1945 and Pond, 1961). Results have usually 

ind icate d that th e more f r eque nt and sever e the defoliation trea tment, 

the gr ea t e r the reduction of dry matter yield, (Conard, 1954; Cook , 

1953; J ustus, 1955; Wa gner, 1952). Under normal plant growth the 

percentage of crude protein i n plant tissues decreases f r om e arly 

gr ow th to maturity (Cook , 1950; Kik, 1943; McCall, 1939; Oe lberg, 

1956; Richards, 1962 ). runong many who have shown that tissues that 

regrow after defoliation have a high percentage of crude protein are 

Newel l and Ke irn, 1947; Runyon, 1943; Watkins and Levern, 1951. 

The higher content of cobalt in legumes as compared t o grasses 

has been obs erved incidenta l ly in certain field stud ies , (Bee son, 1941). 

Wain, Hunt, and Marsh (1939) noted a l ow content of manganese in 

timo thy during periods of vigorous gr ow th. In winter months when much 
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of the vegetation was dead or dying the grasses were riche r in manganes e 

than Legumes. Bolin (1934) r e ported that the manganese in timothy 

collected f rom grazed plots in Texas increased throughout the season 

from June 6 t o October 11. Walrath, Ward and Struve (1948) found more 

manganese in r ye grass than alfalfa collected from a farm in Connec ticut. 

Gray and Smith (1945) found no marked changes in cobalt conten t of 

Arundinacia teeta sampled at monthly intervals throughout a period of 

one year . In general, there is only me age r information in the litera­

ture r e lating to the iron, manganese , cobalt , and copper content of 

forages (Beeson, 1941). Beeson and MacDonald (1951) working on copper, 

manganese, and iron content of birdsfoot trefoil, ladino clover , alfalfa, 

and timothy, found that the iron content of all species increased as 

the plant matures. The copper con t ent of timothy decreased as the plant 

matured . The manganese content of timothy and the lea f petiole of 

birdsfoot trefo il and ladino clover increased sl ightl y as these plants 

matured. Timothy was fo und to have a lower content of copper , iron, 

and cobalt than the l egumes . The iron content of timothy was about 

the same and the copper conten t s lightl y less than in the stems of 

legumes. In no case did the legumes with which the timothy was grown 

exert an influence on the absorption of cobalt, copper, iron, or 

manganese by the timothy. 

Pe t erson and Hagen (1953) wo rking on the influence of clipping 

f requency on the production and quality of irrigated pasture mixtures 

showed that ash, crude protein and ether extract decreased in percentage 

with wider intervals between cutt ings while crude fibre increased . 

Nitrogen-free extract was not grea tly influenced by cutting treatments. 

They also came to the conclusion that grazing intensity at intervals 
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or 25 da ys might be suita ble for mixtures co n taining ladino clover as 

a primary l egume . 

Cooper (1956) con f irmed the resul t s of other workers s howing that 

the crud e protein content of hays dec reased with advancing maturity 

and increased with cutting he i ght s . The portion of the plants occurring 

above 6" con tained 1 percent mor e crud e pro tein than the porti on occurring 

be tween 2 and 4 inches . There we r e no signi f icant changes in botanical 

compos ition as a result of cutting trea t me nt. 

Prine and Burt on (1956) r e por t ed f r om Georgia t ha t by increasing 

the l ength of the clipping inte r val f r om two weeks t o eight weeks , the 

yi e ld of bermuda grass hay was increased ; protein percentage wa s l owered, 

bu t had little effec t on the prot ein yi e ld. The general effec ts of 

increasing the length of clipping intervals increased stem length, 

l eng th of l onges t l eaf- blade per stem, plant height , number of inter­

nodes per stem, and internode l ength, and decreased leaf percentage . 

The percentage of seed heads observe d in the fo rage samp l es was s i gni­

f icantly higher (5.0 to 7.5 pe rcent) at the 6 and 8 week clipping 

inte r va l s than at the shorter clipping f r equencie s ( 2 . 0 pe rcent). 

Pie rre and Jackobs (1953) working wi th birdsfoot trefo il found 

t ha t the perce ntage of crude pr ote in, pho sphorus, potassium , calcium 

and magnesium was usually l owe r when the plants were harvested at 

prebloom, 1/10 bloom, ful lbloom and maturity than when they were 

harvested at mor e immatur e stages . 

Influence of Nitrogen Fertil i za tion on 

Production and Quality of Pasture 

Several experiments have been conducted t o study the effect of 

nitr ogen fertilization on grass - fo rages. Carey et al . (1952) whi l e 



working on the effec t of nitrogen fer tilizati on on chemical composition 

of bromegrass came t o the conc lus ion that nitrogen cont ent of brome ­

grass was increased progressive ly with applications of 0, 100, and 200 

pounds of nitrogen pe r ac r e as ammonium nitrate . Application of 100 

pounds of nitrogen per acre as ammonium nitrate caused an appreciable 

increase in the riboflavin content of bromegrass. They also found that 

young bromegrass fertilized very heavil y with ammonium nitrat e may 

accumulate enough nitrat e t o be toxic to l ives t ock . 

The effec t of nitrogen fertilizer upon the palatability of some 

f orages , however, i s still a controversial matter. Burton e t a l. 

(1956) indicated that th e daily gains of animals grazing heavily 

fertilized grass have sometimes been lower than those for animals 

grazing grasses receiving 50 pounds (or l ess ) of nitrogen per acre 

per year. It has been suggested that high rates of nitrogen were un­

favorable to the palatability of grass and were responsible for the 

r esults (Burton , Southwell, and Johans on, 1956). Under Georgia 

conditions Burton et a l. (1956) did not f ind any ev i dence t o indicate 

that the heavi es t rate of nitrogen (1500 pounds per acre) r educed the 

palatability of grasses. The protein content, and yield increased 

with increa sing increments of nitrogen up to 1500 pound s of nitrogen 

per acre. 

Several workers have obtained increased yields f r om nitrogen 

fertilization when up to 800 pounds of nitrogen per acre were applied 

annua lly; (Burton, 1954; Kimbrough e t al. , 1955; Langford e t al., 1955 

and McCloud, 1955). Whenever r e ported, the protein content and prot e in 

production per acre have also been increased by nitrogen fert ili za ti on . 

Burton and DeVane (1952) increased the yield of a hybrid bermudagras s 
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e i ght times and near ly doubled th e pro t e in content by annual applica­

tions of 400 pounds of nitrogen pe r a cr e . Holt et al . (1951) summarizing 

the results of research with bermudagrass in Texas pointed out that lack 

of nitrogen is most often the factor limiting growth of bermudagrass, 

but phosphorus, and potash may also be needed. Prine et al. (19 56) ob­

served that generally, an increase in nitrogen application rate increased 

the hay yield, protein percentage, protein yie ld, and nitrate content of 

the hybrid ber mudagrass, but reduced the percentage of nitrogen fertilizer 

recovered in the hay. Increasing the nitrogen rate resulted in increase 

in the stem l ength, plant height, length of longest leaf-blade per stem, 

number of internodes per stem, and l engt h of internodes but resulted in a 

decrease in leaf percentage and percentage of sterns with seed he ad s. 

Bro<m and Hol l owell (1940) emphasized the variation in chemical 

composition of some pasture and hay plants as affected by soils and 

fertilizer. Crampton (1934) and Crampton and Finlayson (1935) fou nd 

by using rabbits as test animals, that there was a highly significant 

difference between the nutritive value of herbage from pastures treated 

with mineral fertilizers and herbage from similar unfertilized pastures. 

The fertilized treatments were superi or in total protein, energy va lue, 

mineral contents (ca l c ium and phosphorus) to non-fertilized treatments. 

Dotzenko (1961) showed that highly significant increases in the 

yield of grass forage can be obtained from nitrogen application. Int er­

mediate wheatgrass (Agropyron intermedium) produced the highest yield 

under high nitrogen rates, fo llowed in order of decr eas ing yields by tall 

wheatgrass (Agropyron e l ongatum), tall fescue (Fes tuca arundinacea), tall 

oatgrass (Arrhenatherum elatius), smooth bromegrass (Bromus inermis) and 

orchard grass (Dactylis glomerata). Nitrogen application increased 
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t he total nitrogen content of th e forage . In genera l, smoot h brome ­

grass had the highest nitrogen con ten t followed in order of decreasing 

percentage by orchardgra ss, in termediate wheatgrass, tall wheatgrass , 

tall fescue and ta ll oatgrass . A high rate of nitrogen fertilization 

resulted in loss of stand, as well as a reduced percentage of nitr ogen 

fer tilize d recovered in th e forage. 

Brown and Rouse (1953) under greenhouse and laboratory conditions 

found that dallisgr ass (Paspalum dilatatum) removed more potassium 

than white clover (Trifolium r e pens) under five clippings and heavy 

potash fe rti lization. 

Work of Morris and Celecia (1962) revealed that the time of nitro­

gen fertilization had a marked effect on the total amount of nitr ogen 

removed by the forages. Fall application of nitrogen t o coastal 

bermudagrass (Cynodon dactylon) resu lt ed in a loss of ni t rogen compar ­

able t o that of corn (Ze a mays) unde r s imilar soil and climatic condi­

tions, although th e deep root system of coasta l bermudagrass would 

be expected t o reduce the loss of nitrogen from leaching. The 4-split 

nitrogen application s produced the greatest uptake of phosphorus by 

the fo rage entirely as a resu l t of the high yields ob tained with this 

treatment. The effec t of nitrogen applications on potassium uptake 

was similar to those obtained with phosphorus . 

Gordon et a l . (1962) working with orchardgrass found that ferti li­

zation with 400 t o 1200 pounds of ammonium ni t ra t e produced forage with 

a markedly higher crude protein and nitrate conte nt and a l owe r dry 

matter content than control forage. Nitrogen fertilization has been 

effect ive in increasing soluble nitrogen and/or nitrate accumu lation 

(Carey et al ., 1952; Ferguson , 1956; Perez et al., 1960; and Sprague 
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et al ., 1950) . Working with orchardgrass -ladino clover mixtur e , 

Nelson e t al. (1957) reported that t he total nitrogen uptake increased 

in the grass and decreased in th e c l over wit h increased nitrogen 

fertilize r rates . Nitrogen uptake in the g rass r esu lting f r om growing 

in association with the clover decrease d with increased nitrogen appli ­

cat i ons of 50, 100, 150, and 200 pounds per acre. 

Lewis e t al. (195 7) found that nitrogen application increased the 

crude prot e in percentage and yie ld of all grasses . The highest per ­

centage of crude protein was found in orcha r dgrass . The nitrogen 

percentages r ecove red from the 80 and 160 pound application wer e 

77.6 and 78.8 percent, r es pectively. Nitrogen fertilizer application 

increas ed the calcium content of orchardgrass to the highest degree. 

This was also true for the phosphorus content of orchardgrass . 

Nitrogen ava ilability e xe rt s it s influenc e upon the compe titive 

abi lity of grasses and l egumes , by the fact that nitrogen limits the 

growth of grasses but not of l egumes a t low l evels of s oil nitrogen whil e 

at high l evels ne ither spec i es i s limited (Wagner, 1954). 

Inf lue nce of Irrigation on Production 

and Quality of Grass Forages 

All evidence indicates that l ow soil water suction should be most 

favorab l e for rapid uptake of nutrients by plants. According to 

Richards and Wadl e i gh (1952) continual removal of water from the so il 

by plants and evaporation produces a linear or almost linear decrease 

in wate r content and a logarithmic increase in water suction until 

rain or irriga tion restor es th e wa t er balance, usually quickly . 
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Some of the ea rly experime nts on irrigated pastures we re conducted 

at the Huntley Branch Station . Hansen (1924), recommended irrigation 

intervals of two to four weeks during the grazing season, depending 

upon conditions of growth and natural rainfall . The object was to 

keep the s ur face soil thoroughl y suppli ed with moisture. 

Soil moisture extraction by irrigated pasture mixtures as in­

fluenced by c li pping frequency was studied by Hagen and Peterson ( 1953) 

in California . They found that the absorption of moisture under 

ladino clover grass mixture was confined to the top four feet of soil, 

while th e birds foot trefoil - grass mixture extracted throughout the 

de pth of eight feet, below which a clay layer interfered wit h root 

activity. They further found that there was very little difference 

between pasture mixtures on the consumptive use of water . They averaged 

approximately 0.3 inches of water per day during the hot, dry summer 

months of July and August . 

Myers and Shockly (1955) studied the pattern of moisture extrac tion 

by irrigated crops, including forage crops under Idaho conditions. Of 

the total moisture extracted, about 40 percent came from the upper 

quarter, 30 percent from the second quarter, 20 percent from the third 

quarter, and 10 percent from the bottom quarter . They r ecommended that 

forage crops should be irrigated when about half of the available 

moisture in the root zone has been used . 

In a study made at Thorsby, Alabama, Bennett et al . (1964) reported 

that yie lds of sorghum spec i es increased as available moisture i n­

creased with Sart sorghum producing the highest yi elds at all mois ture 

levels. Under their work the three moisture levels were established 

as (M-1)-Natural rainfall, (M-2)- and (M-3)- irrigated t o field 
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capacity when 65 and 30 percent, respec tively, of available so il 

mois ture was removed from the top 24 inches . The percen t age of nitr o­

gen and po tassium in the plants decreased wi th increasing soil mo i sture, 

but since i r rigation increased yields, total uptake was usual ly higher 

wit h irrigation. To t a l potassium upt ake by millet in the above gr ound 

por t ion of pl an ts a t the high soil moisture r eg ime exceede d the amount 

applied to the soi l {initial po ta ssium content of the soi l was high). 

Pota s sium r ecover y of the amount applied varie d from 55 pe rcent with 

sudangrass (M - 1) to as hi gh a s 143 per cent with Starr millet (M - 3) . 

From 40 t o 93 percent of the amount of applied nitrogen was fo und in 

the above ground por t ion of plants , depending upon species and soil 

moisture regime. Wa t er was used by th e plants in proportion to the 

amount availab l e for ev apo t ranspiration . 

Compre he ns i ve literature r ev i ews on the sub j ec t have been made 

by Richards and Wadle i gh (1952) and l{adleigh and Richard s {1951) . The 

latter t wo s t ated that for a given level of fe rtility , decreasing soi l 

moisture s uppl y is associated wi th a def inite i ncrease in nitrogen con­

t ent o f plant tissue , a definite decrease in potassium cont ent , and a 

variab l e effect upon conte nt of phosphorus , calcium, and magne sium . A 

more r ecent study by Haddock (1952) indicated that conditions of so il 

mo i sture ar e as important in making phosphorus avai lab l e t o sugar beets 

as is f e rtilizer application and placement. His r esults showe d t hat 

high moisture wa s closely associated with increased amounts of s o l uble 

phosphorus in the pe t ioles of sugar bee t s . J enne e t a l . (1958) showed 

no effect o f soil mo istur e str ess on the nitrogen and phosphorus per­

c entage of whole corn plants. However, percentages of potassium , clacium, 

and magnesium in the corn plants increased as the suppl y of available 
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soil moistur e decr e ase d. 

Kilmer et al. (1960) working with the effects of levels of soil 

moisture on the yield and mineral composition of forage species came 

to the conclusion that the concentration of nitrogen, sulfur , and boron 

in the plant s was not signi f icantly affected by variations in the 

soil moisture supply. However, the concentration of phosphorus in 

all eight species increased as soil moisture supply increased. The 

general overall effect of increasing the soi l moisture supply was to 

increase the total uptake of a ll of the major e l emen t s. 

Richards (1941) stated that the proximity of a wa t er table def i­

nitely influences moisture relations in f i e ld soils. Under Netherland 

conditions, Wind (1955) calculated f rom field measurements that at 10, 

15, 20, and 30 centimeter depths practically all movement of water was 

via soil and onl y very little water was transported by the roots of 

f orages. At depths less than 10 centimeters the flow of water thr ough 

roots became important . Obviously there were no water absorbing roots 

at depths below 10 centimeters . Wesseling and Van Wijk (1955) found 

that no shortage of water was likely to occur in case of deep drainage 

(130 centimeters deep or more) in heavy clay soil under Dutch weather 

condic i ons . 

Retention of excess soil moisture wi thin the root zone may have 

a deLrimental effect on the nutrition and health of plants. Thorn and 

Smith (1938), Russel (1952) and Lawton (1945) point out that the 

anaerobic decomposition of organic matter freq uently produces sub­

stances toxi c to plant roots. 

Boynton (1941) found that the fluctuations of ground wate r in 

relativel y fine -textured soils were usually well correlated with 



14 

fluctuations in oxygen and carbon dioxide percentages of the soi l a ir, 

part i cularly in the strata of soil just above the water t a bl e . Russel l 

(1952) stated that ae rati on conditions inf l uence the water economy of 

plant s . Toxic concentra tions of carbon dioxide presuma bl y r educe the 

r oo t permeabilit y through thei r l e tha l action of root cells . 

Gilbert and Chamblee (1959) wo rking with the effec t of de pth of 

water tabl e with and without sur f ac e t<atering on yields of Ladino 

clover , orchardgra ss and tall fescue unde r North Car olina condition s 

have shown that without surface watering , the average yields from the 

lower wate r tables as compared with the 6-inch depth were 20 , 54 and 

71 percent hi gher fo r Ladino clover, orchardgrass , tall fescue, r es -

pec tively . The ad dition of water to the surface resulted in a large 

increase in y ields with orchardgrass and tall fescue grown above th e 

12-inch, 6- t o 20-inch and 20-inch water tables , but a depression 

in yields a bove 6-inch wa t e r table . Ladino clover had a s igni f icant 

i ncrease in y i e ld from su r f ace wa t ering at all wa t e r table depths. 

Boehle et al. (1961) stated that alfalfa alone and alfal fa -

orhcardgrass made the bes t use of available subsoil moisture while 

o rchardgrass alone made very poor use of subso il moisture. 

Studies have shown that spec i es of grass vary in rooting de pth 

(Gist e t al ., 1948), nitrogen r equirement s, and root penetration 
q• 

(Oswalt, e t al., 1950) and sl i pping decreased moisture use by forages 
;.1. ~ 

(Doss et al., 1959). Botanical compos ition c hanged with differen t soil 

mois ture r eg i mes (Lor en z e t al., 1961) . 



Influence of Cutting Fre quency , Irrigation, 

and Nitrogen Fe rtiliza tion on Production 

and Quality of Grass-Forage 
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Information is inad e quate in this area. Many workers have tried 

this combination on the yield and botanical composition of grasses and 

grass mixtures . Mineral uptake by the grasses under the fertilization 

x clipping x irrigation treatment combinations is ye t to attract the 

atte ntion of researche rs. 

Robinson and Sprague (1952) found that the oven dry herbage yields 

on plots rece iving neither nitrogen nor irrigation and cut to simulate 

rotational grazing generally averaged only 2,950 pounds per acre . Nitro­

gen fertilization greatly increased yie lds both on irrigated and non­

irrigated plots. Either nitrogen fertilizer alone or irrigation alone 

doubled the yield. There was an increase of yield due to irrigation 

both under high nitrogen and low nitrogen fertilization. Annual yields 

on plots receiv ing both irrigation and nitrogen fertilization, increased 

to 8,050 pounds per acre. 

Schumaker e t al. (1961) working with western wheatgrass found that 

maximum yie lds resulted with the combination of frequent irrigations 

and high rates of N-fertilization. Improved water management and 

nitrogen applications resulted in ha y yields considerably higher than 

under flood management, common in practice. Increased nitrogen rate, 

increased the nitrogen content of hay on all moisture levels . 

Nielson and Robins (1957) showed that the greatest yie lds per 

acre wer e obtained from irrigating at a midsummer frequency of 7 to 

11 days, and clipping at a 12-inch height, as compared with midsummer 
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irrigation frequencies of 15 to 20 or 20 t o 30 days, and clipping at 

a 6-inch l evel . For a 3- year period, total y i eld increased wi th nitro­

gen fertilizer rates, and conversely the clover percentage decreased. 

The most frequently irrigated treatments produced the highes t percentage 

of clover in the pasture mixtures . No difference in botanical composition 

was ob tained between the 6- and 12-inch clipping treatment s . Applicat ion 

of fertilizer contain ing 50 pounds of nitrogen per acre in April produced 

more grass and clover for the season than did a s i mi lar application made 

in June . 

Ald er (1954) working with a lucerne-grass mix t ure under British 

condi ti ons came to the conclusion that c r ude protein percentage of 

lucerne showed little response to nitrogen application, whi l e the 

actual yield was increased one year and depressed the next. Similarly 

Ridgman e t a l. (1955) found no difference in percentage nitrogen in 

nine cuts , bu t th e tenth showed some increase . 

Russell et al. (1961) stated that yie ld s of forage doubled with 

40 pounds of nitrogen per acre and low mois ture level and t ri pl e d with 

80 pounds of nitrogen per ac r e and high mois ture l eve l s . Fr equen t 

c l i pping reduced the total yie ld of all treatments at l ow, me dium and 

high moi s t ure l eve l s . 

Bl ase r and Brady (1950) found that nitrogen fer til izers increased 

the growth of grasses and decr eased that of leguminous plants . As the 

growth of grasses increased, the amount of po tassium r emoved by the 

grasses increased . Hence, the concurrent and/or after effect of nit!·ogen 

in reducing the leguminous associates was at tr ibuted t o competi tion for 

potassium . 
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Robinson and Sprague (1952) found that although irrigation marked l y 

i ncreased the orchardgrass yield when we ll fe rtilized, it produc ed high 

yi e lds during May and June, even withou t irrigation. Moreover, th e 

growth rate of orchardgrass declined rapidly in last August and Se pt ember 

regardl ess of nitrogen fertilization or irrigation. Thus the main in­

crease in yie ld from irrigation of nitrogen ferti lized orchardgrass was 

conf ined to July and August. Nitrogen fert ilization of non-irrigated 

orchardgrass greatly increased the efficiency of water utilization 

during the dr y part of the season . 

Brown and Rouse (1953) indicated that based on total potassium 

removed by five clippings, the grass removed more potassium than clover 

except where no nitrogen was g iven. This may be due to either greater 

soil coverage by their fi brous root sys t em or they are able to absorb 

potassium from sources that are less available to c l over. 

Waddington et al. (19 65) working on the growth and chemical composi ­

tion of three grass species affected by the soi l aeration concluded 

that the level of plant nutrients in the root - zone has been observed 

to affect the ability of plants to withstand poor aeration. Wood fo rd 

and Gregory (1948) found that growth of plants in unaerated so lutions 

was increased when the nutrient concentration was four times that 

required for plants grown in aerated so lutions. Cline and Erickson 

(1959) reported that increased fertilizer rates particularly reduced 

the effects of low oxygen supply. 



METHODS AND MATERIALS 

This experiment was conducted at the Greenville Experimental Farm, 

Logan, Utah, during the period of 1960 to 1964 . 

The soil is a Millville silt loam that occurs on an alluvial fan, 

is well-drained, and has about 1 percent surface slope . The soil is 

high in potash and phosphorus, and is alkaline, having a pH of 7.9 - 8.2 . 

It has 2 . 41 percent organic matter, 2.41 equiva lent percent of 

calcium and magnesium 12.7 parts per million sodium bicarbonate extract­

able phosphorus, 13.3 milliequivalents per 100-grams base exchange 

capacity, and .4, .51 and 12.4 milliequivalents per 100-grams exchangeable 

cations of sod ium, potassium and calcium and magnesium, respectively. 

The average rainfall for the period of April to Sep tember for 1961, 

1962, 1963 and 1964 was . 85, 1.24, 1.96 and 1.93 inches, respec tive ly . 

Experimental Design 

The experiment was set up in a factor ial arrangement (mod ifie d 

split pl ot design) in which the whole plots consisted of four moisture 

interva ls wi th four replications arranged in a latin- square des ign . 

The sub-plots were four levels of nitrogen fertiliza tion . The sub ­

sub- plots were two frequencies of clipping, and the sub - sub-sub-plots 

were six pasture mixtures . The plan of the layout is given in Figure 1. 

Size of the sma llest exper imental unit was 6 x 23 feet . 

Pl o ts were seeded April 13-14 , 1960. During the establishment 

year, the plots were uniforml y sprinkler irrigated and were clipped 

twice to control weeds. No treatments were started t hat year. 
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Figure l. Design showing replication, irriga t ion , clipping and 
fertilization treatments. 
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The treatments were applied and data were obtained sta rting in 

1961. For convenience, letters were used to designate the different 

treatmen ts. C'I" for irrigation; "F" fo r fertiliza tion, and "C" for 

clipping.) 

Irrigation 

Water was supplied t o the experimental plots with a perforated 

pipe sprinkler irrigation system . The system was designed to supply 

approximately one inch of water per hour . 

At the start of the 1961 season all of the plots were irriga t ed 

uniformly with three inches of water during the period May 8 t o May 10. 

Thereafter, for 1961 , water was applied to each of the treatments as 

follows : 

Symbol Interval I~~~~=~ion Dates Watein~~~~i ed 

I-1 Long May 8 t o May 10 , 
June l, June 30, 
July 28, August 21, 18.5 

I-2 Medium 6 May 8 to May 10, 
June 2 , June 25 
July 13, July 30 
August 18 19 . 0 

I-3 Medium short 10 May 8 to May 10, 
May 24, June 3, 
J une 13, July 6, 
July 16 , July 28, 
August 7, Augus t 17, 
Augu st 30 21.0 

I-4 Short 19 May 8 t o May 10, 
May 17, June 3 , June 7' 
June 14, June 20, 
June 29, July 7, 
July 11, July 16, 
July 21, July 25, 
Jul y 29, August 6, 
August 10, August 13, 
August 17, August 21, 
August 27 26.0 
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In the case of I-1, the number of days between two irrigation dates 

ranged f r om 24 to 29 days, whereas for I-2, I-3, and I - 4 , the in t erval 

range was 17 t o 22, 10 t o 13, and 4 to 6 days, r espec t ively . 

Trea tmen t s I - 1 r eceived approximately fo ur inches of wa t er at each 

irriga tion and I-2, I-3, and I-4 treatments rece i ved 3 to 3 1/2 , 1 1/2 

t o 2 , and 1 to 1 l /4 inches , r e spec tive l y . 

Soi l moi s ture t en s ion was measured by means of pl as t e r of Paris 

resistance blocks . They wer e placed at 6- , 12-, 18-, 24-, 30- , 42-, 

and 54 - inch depths . The t ension was read on a Bouyoucos moisture 

meter calibrated in atmos pher es . 

Nitrogen Fertilization 

Four l eve l s of nitroge n fe rtilization wer e used . They inc luded 

0, 50 , 100, and 200 pounds of nitrogen per acre applied as ammonium 

nitra t e . One hundred and 200 pounds of nitrogen were used as aplit 

applications in 50- pound increments. The fer tilizer was spread with 

a smal l three- foo t wide Gandi spreader. Approxima te dates of applica ­

tion f or each of the trea tments were as fo llows: 

~ Tre atme nt Number and dates of BEElication 

N/A 2 3 4 

F-1 0 

F- 2 50 pounds April 20 

F-3 100 pound s April 20 May 29 

F- 4 200 pounds C-1 April 20 May 29 July August 5 

C-2 April 20 May 29 June 26 July 20 

In the case of the F-4 tr ea tment, da t es of the third and fo urth 

applications were different f or the C- 1 and C-2 clipping freq ue nc i es. 
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Harves t dat es were di ffe re nt for t hese t rea t ments and the nitr ogen fe r­

tilizer was app l ied soon afte r t he forage was harves t ed . 

To assure that su f fi c i ent phos phorus was available t o the plants, 

100 pound s per a c r e of phos phate (P205) we r e br oadcast ove r the entire 

experimental are a in the spring of 1961 and 1963. 

Clipping Fr e quenc y 

Two cl i pping fr eque nc i es we r e inc l uded in the study . Und er one 

clipping treatment, the plot s we r e harves ted four time s during the 

season, wh er eas under the other c lipping fr e quenc y , the plots we r e 

harve sted five times . Forage wa s clipped at the heading stage and to the 

he ight of 2 inches at e ach harvest. The approximate harve st date s unde r 

each tre atment were as follows: 

~ 

C-1 

C- 2 

Tre atment 

4-harves ts 

5-harves ts 

Date s of harvest 

Ma y 26 t o Ma y 27; June 28 to June 30, 

August 2 t o Au gus t 3 ; Se ptember 11 t o 

Septembe r 12 . 

Ma y 26 t o May 27; June 23 to June 24, Jul y 18 

t o Jul y 19; August 14 to August 15; Se ptember 11 

t o September 12. 

Pasture Mixture 

Out o f six mixture s which we r e include d in the original experiment, 

only the gra s s mix ture was used for the chemical s tudie s. This was 

des ignated as M-6 and consiste d of commercial orchardgrass (Dactylis 

glomerata) and Manchar bromegrass (Bromus inermis). 



Yield Data 

The forage was cut with the Milbradt plot mower, which had a 

three - foot sickle bar. Prior to each harvest, the alley-ways were 

blocked out . Then a swath the width of the mower and 20 fee t long 
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was harvested through the middle of each plot for an area of 60 square 

feet . The total herbage harvested f r om each strip was weighed green. 

A sample of 1,000 grams of the cut ma t erial was take n in a bag f or dry 

weight, nitrogen, phosphorus, potassium , calcium, copper, iron , manganese, 

and zinc analysis. The samples were dried in a forced ho t-air oven and 

then reweighed. Resu lting data were used to compute the pe r centage dry 

weight . 

Chemical Analysis 

For chemical analysis, all t he plo t s of two replications were 

sampled for each harvest exce pt the first one. In thi s f ir st harvest , 

48 plots r epresenting all treatmen t s as e xplained above we re sampled 

for the anal ysis . 

The dried samples were finely ground in a Wiley mil l . A one - gram 

sample was used to determine th e total nitrogen, and another one - gram 

sample t o phosphorus, potas sium, ca l cium , copper, iron, manganese, and 

zinc contents . The nitrogen, phosphorus, potassium and calcium data 

were de termined in percent and copper, iron, manganese , and z inc we re 

in part s per million ( ppm) . 

Procedures for chemical analysi s 

Nitrogen. A mod i f ied Kjeldahl method currently being used at 

Utah State Unive r s ity was used f or nitrogen analysis. Reagen t s in-
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eluded concentrated sulfuric acid, sodium hydroxide solution (40 to 

45 percent NaOH by weight), standard 0.0715 N H2S04 and 20 mesh granular 

zinc . 

The digestion mixture used was prepared by mixing copper s ul fate 

(anhydrous powder), sodium sulfate (anhydrous powder), and powdered 

selenium in a 5:10:0.5 ratio . 

The indicator solution was a mixture of brome cresol green. 

The ammonia was distilled in two percent boric acid solution and 

the contents titrated with 0 . 0715 N H2S04 . The procedure followed was 

essential l y the same as given by Jackson (1958) . 

Phosphorus. Phosphorus was determined with a Beckman, model - B 

spectrophotometer . 

Potassium, calcium 2 co pper , iron, manganese, and zinc. These 

we r e determined with a Perkin-Elmer atomic absorption spectrophoto ­

meter - 303. 

The diges tion and r eading procedures of the above t wo mentioned 

instruments for the determination of phosphorus, potassium, calcium , 

copper, iron, manganese and z inc were as fo llows: 

Digestion procedures 

l. Weigh l gram of dried 40 mesh plant material into 100 ml 

vo lume tric flask. 

2 . Add 20 ml of concentrated HN03, 4 ml of 70- 72 percent perchloric 

acid and 3 ml of concentrated sulfuric acid . 

3. Heat the sample on a hot plate under a protected hood until 

the solution becomes colorless, (l to 2 ml solution remaining) th e f lask 

must not become dry. 



4 . Cool the flask , add deionized water up to the mark , shake 

thoroughly, a nd hold for about eight hours. To e liminate silica , 

filter the solution through #2 Whatman filter paper. 

Phosphorus reading 

l. An ammonium- metavanadate-molybdate r eagent is r eq uired to 
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give the co l or for r eading the Beckman model-B spectrophotometer. Thi s 

is prepar ed as follows: 

Solution 1: Diss ol ve 45 grams of ammonium mo l ybda t e (NH4)6M07024·4H20 

in BOO ml of dis tilled water and hea t to bring into solution; cool . 

Solution 2: Di ssolve 2 .5 grams of ammonium vanadate {me ta) NH4V03 

in 600 ml of boiling water , cool, add 500 ml of concentrated HN03, and 

coo l again. 

Pour solution 1 into solution 2 and dilute to 2 liters. Mix the se 

thor oughly . 

2. Pipe tte a 10 ml aliquot, from dige s t ion procedure #4 above into 

a 50 ml beaker, 

3 . Add 30 ml of distilled water , and sti r with glass rod , 

4. Add 10 ml of mi xed ammonium vanadate -mo l ybda t e reagent; stir, 

5. Read on the Beckman, model-B spec trophotometer exactly 30 

minutes after adding the reagent . Use No . 440 blue filt er. 

6. First setting on the spectrophotome ter should be obtained with 

a blank us ing on l y reagents known to be pure. 

7 . Standard curves were obtained by using 0 . 5, 1, 2, 3, 4, and 

5 ml of s tandard phosphorus solution (50 ppm 0.2196 gram KH2P04 

1potassium monophosphat~7 per liter). 

Potassium reading 

1 . Pipe tte a 10 ml aliquot f r om digestion procedure #4 above 

into a 100 ml vol umetr ic flask and dilute wi th distilled water t o mark . 



2 . Run directly on the Perkin-Elmer atomic absorption spectro­

photometer-303, using standard solutions for reference and the tube 

prescribed in their machine manual {dilution factor - 1000) . 

Calcium reading 

1. A lanthanum chloride reagen t is required. This is prepared 

as follows: 

Dissolve 50.9 grams of 2 pe rcent lanthanum chloride (LaC136H20) 

in 1000 ml of distilled water. 

2. Pipette a 5 ml aliquot from 1 under potassium above into a 

5 ml beaker . 

3. Add 5 ml of lanthanum chloride reagent. 

4. Mix with g las s rod and run on Perkin- Elmer atomic absorption 

spec trophotometer -303, using standard so lutions for r efer ence and a 

tube as prescribed in their machine manual {dilution factor-2000) . 

Copper, iron, manganese, and zinc reading 
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l . Run the aliquot #4 in digest ion procedur e directly on Pe rkin­

Elmer atomic absorption spectrophotometer -3 03, using standard solutions 

for reference and tubes for each one of these e l ements respectively, 

as prescribed in their machine manual, {dilution fac t or - 100) . 

Computing Procedure 

Three standard so lu tions having known concentrations of th e metal 

to be determined in the same so l vent as that of samples were prepared . 

These standard concentr ations bracketed the expec t ed concentration i n 

the sample. 

Percent absorption was read from the spec trophotometer as des ­

cribed in the machine manual, for th e sampl e and each of the three 
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standard so luti ons in the following sequence: s tandards, samp l e , 

standard s, sample, standards. The readings for each standard were 

averaged and converted f rom the average percent abs orption to absorb ­

ance using Table III in the machine manual . The wo r king curve of 

absorbance versus concentration was plotted . The readings for the 

sample were averaged and converted t o absorbance . The concentration 

of each sample was determined with the working curve . 



EXPERIMENTAL RESULTS AND DISCUSSION 

Experimental results and discussion of the dry matter yield and 

mineral composition of the orchardgrass-bromegras s ~asture mixture as 

influenced by clipping frequency, nitrogen ferti lization and irrigation 

regimes fo r the years 1961, 1962, 1963, and 1964 will be presented in 

the fo llowing order : average dry matter yield in tons per acre, 

nitrogen, phosphorus, potassium and calcium in percent and copper, 

iron, manganese and zinc in parts per million for the C-1 and C-2 

f r equencies. 

The analyses of variance for the above studies are given in the 

appendix in Tables 45 through 62. Tables 45 and 46 contain the analyses 

of variance for dry matter yield wi thin C-1 and C-2 f r equencies , 

respectively. Tables 47 to 54 contain the analyses of variance for 

nitrogen, phosphorus, potassium, and calcium contents and Tables 55 

to 62 contain the analyses of variance for copper, iron, manganese 

and zinc, respectively. 

Average Dry Matter Yield as Inf luenced by the 

Di fferent Treatments and Their Combinations 

The analyses of variance for average seasonal dry matter yield 

given in Tables 45 and 46 of the appendix for the C-1 and C-2 frequencies, 

respectively , show that the "F" values for all the main effects, viz. 

years, irrigations, nitrogen fertilizations and harvests were highly 

significant. Some first order and second order interactions were also 

significant or highly significant. The third order interaction, viz. 
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year x irrigation x nitrogen fertilization x harvest was nonsignificant 

within both clipping frequencies. 

Response to years 

The response of the orchardgrass-bromegrass pasture mixture to 

years on seasonal dry matter yield is presented in Table l . The yields 

we re significant at .05 level wi thin C-1 and at .01 level within the 

C- 2 frequency. 

In the years 1961 and 1964 the dry matter yields were higher than 

in 1962 and 1963, under both frequencies. The year 1963 was lowest 

in dry matter production . The amounts were 2 . 20 and 2 . 05 tons per 

acre within C-1 and C-2 frequencies, respectively. The dry matter 

yields were higher every year within the C-1 than within the C-2 

frequency, which shows the influence of number of cuttings per year 

on yield of forage . Allred (1965), while working with grasses, found 

that there was a t endency for four clippings per year to give higher 

yields than five clippings per year . Everson (1966) observed a pro­

gressive decrease in yield of tops when clipped many times. In this 

experiment, the C-2 frequency had l ess yie ld in the years 1962, 1963, 

and 1964 than the yields for the same years under C-1 . The differenc es 

were .22 , .15 and . 15 tons per acre, respectively. 

Response to irrigation 

The effect of irrigation on over-all dry matter production of the 

grass pasture mixture is shown in Table 2 . The results are graphed in 

Figure 2. The yield differences within each irrigation level were 

highly significant under both clipping frequencies . Treatment I-4 

(most frequent irrigation) gave the highest yields. On the other hand 
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Table l. Effec t of years on ave rage dry matter yield for C-1 and C- 2 
clipping frequencies (1961-1964) 

Tons per acre 
Year C-1 C-2 Ave. 

1961 2.48 2.45 2 . 47 

1962 2.32 2.10 2 . 21 

1963 2.20 2.05 2.13 

1964 2.40 2 . 25 2.38 

Ave. 2.35 2 . 21 

LS D: 5% - 0.044 5% - 0 . 041 
1% - 0.057 

Table 2. Ef fect of irriga ti on on the average dry matter yield for C- 1 
and C-2 clipping f requencies (1961-1964) 
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l-l ( i rrigation at l on g interval s) gave t he l owest produc tion. There 

was also a significant difference between the l-l and l-2 or I - 2 and 

I -3 treatments . I-4 within C-l produced .60 and within C- 2, .65 tons 

per acre higher dry matter yie ld s than the l-l treatment . Kilmer e t al . 

(1960) observed that grasses are l ess responsive t o irriga tion l evels 

than legumes . Howeve r, the grow th response was as much as twic e in 

yie ld production whe n the grasses were provided with 7 . 24 inches of 

wat er over the grasses provided with only 2.64 inche s . Bennett et al. 

(1964) showed that yields of dry matte r increas ed as the availabl e 

moisture incr eased in swee t sudangrass, Starr mille t and Sart sorghum 

forages. 

Res ponse to nitrogen fertilization 

The influence of nitro gen fertili zat ion on the ave r age dry matt er 

yi e ld is s hown in Tab l e 3 . The r es ult s a r e graphed in Figure 3 . It 

l-Ji ll be seen from Fi g ure 3 that the dr y ma tte r produc tion increases 

with the increase in nitrogen fertilizer. The highest y i elds we re 

ob tained when the pl o t s were fe rtilized wi th 200 pounds of nitrogen 

(F-4). These results are the same under both clipping frequencies . 

\~hen 100 pounds (F- 3) and 200 pounds (F-4) of nitrogen were applied, 

however, the di f ference in fo r age yi e ld s increased to 1 . 40 and 1 . 25 

t ons per acre unde r C-1 and C-2 f requencies, r espec tive l y . With the 

increment of 50 pounds o f nitrogen per acre, a signi f icant increase 

in overa l l pr oduct ion of fo rage was ob tained . With no nitrogen (F-l), 

the dry matter yi e ld s obtained wer e 1.08 and 1 . 20 t ons per acre within 

C-l and C- 2 frequencies, r es pectively. Nitrogen fertiliza t ion s howed 

s light ly higher response at a ll the l evels within the C-1 than within the 

C- 2 f r e quency. 
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Table 3. Effect of nitrogen fertilization on average dry matter yield 
for C-1 and C-2 clipping freq uencies 

Ferti l ization 

F-1 

F-2 

F-3 

F-4 

Ave. 

LSD: 5% - 0 . 04 
1% - 0 . 05 

C-1 

1.08 

1.88 

2.48 

3 . 88 

2.33 

Tons per acre 

(2 . 27) 

5% - 0.03 
0.04 

C- 2 

1.20 

1. 80 

2 . 30 

3.55 

2.21 
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Wal t er e t al . (1954) es timated that grasses cou ld utilize all the 

available nitrogen up t o 300 pounds per acre and that while two- thirds 

of this nitrogen may be harvested, the othe r third was utilized in build­

ing up the r oo t system of grass es . Dor va t (1960) concluded that grasses 

were not able to produce a maximum yi eld under a high fertilizer r egime 

without the presence of added po tas s ium . MacLeod (1965) showed that 

timothy was the highest yielding grass at all nitrogen fertilization 

rates fo llowed by the orchardgrass and bromegrass. Dry matter yield of 

each s pecies was increased s ignificantl y by nitrogen fertiliza ti on . All 

these results show a similar trend t o that ob t ained in this study. 

Response to different harvests 

The response of forage production to different harvests appears 

in Tabl e 4. The results are presented in Figure 4. Under C-1 the 

yields were higher at all harvests than under the C- 2 frequency. A 

consis t ent decrease in yield was no t ed f rom first to fourt h harves t 

under C-1 . This was also true under C-2. Van Riper and Smith (1959) 

observed a similar decrease in dr y matter yields with advance in 

maturity of grasses . They have shown that the yield of dry matter 

was higher during the spring than during summer at each stage of 

growth. Bromegrass produced only 21 percent as much dr y matter during 

the summer as during the spring . Biswell et al. (1933), Cook and Stoddart 

(1953) Dwyer et al . (1963) and many ot her workers observed that the 

yields of forages and plant nutrients are inversely related to the 

f requency and intensity of defoliation. Re sults of the stud ies of 

Conrad (1954), Cook and Stoddart (1958), Jus tu s and Thurman (1955) 

and Wagner (195 2) showed that the more frequen t and severe the de folia­

tion treatment, the greater the reduction of dry matter yield. 
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Table 4. Effect of different harvests on the dry matter yield for C-1 
and C-2 clipping frequenc i es 

Tons per acre 
Harvests C- 1 C-2 

1 0. 98 0.83 

2 0.95 0.54 

3 0.44 0.39 

4 0.32 0.30 

5 0.14 

Ave. 0.67 0.44 

LSD: 5% - 0.032 5% - 0.03 
1% - 0.042 1% - 0.04 
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Interaction of year x nitrogen fertil ization 

The e ffect of this interaction on the dry matter production 

appears in Tab l e 5 . The results are pr esented in Figure 5 for C-1 

and Figure 6 for C- 2. This int e raction was highly significan t under 

C- 2 , whereas, it was s i gnificant at the 5 percent level under C-1 . 
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F- 4 (200 pounds of nitrogen per season) gave the highes t increase in 

dry matter production, under both C-l and C-2 for all four years. This 

increase was followed by F-3 {100 pounds of nitrogen per season) and 

F- 2 (SO pounds of nitrogen per season). F-1 (no fertilizer) gave very 

small yields fo r all four years . The difference in dry matter yi elds 

between F-4 and F-1 was 2.56 tons per acre in 1961 and 3 . 28 t ons per 

acre in 1964, respectively . F-2 and F-3 were intermediate . Under C-2, 

F-4 decreased the dr y matter production in 1961. All fertilizer 

levels slightly depressed the yi e ld during 1962 and 1963 as compared 

to the yields during 1961 . At F-1, the dry matter yield s progressively 

decreased over years . At F-2, F-3, and F-4, the dr y matter yields 

decreased in 1962 as compared to 1961 but increased in 1963 and 1964 

under both the frequencies. These trends were similar t o the results 

found by Allred {1965) and MacLeod (19 65). 

Interaction of year x harvest 

The influence of the interaction of year x harvest on dry ma tter 

production is shown in Table 6. The results are presented in Figures 

7 and 8. This interaction was highly significant under both C- 1 and 

C-2. It will be seen from Figures 7 and 8 that H- 1 gave the highest 

yields all four years under both C- 1 and C-2 . The lowest yields were 

ob tained for H- 4 under C- 1 and for H- 5 under C- 2. H- 2 gradually 
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Table 5 . Average dry matter yield as influenced by year and ni trogen 
fer tilization for C-1 and C-2 c l i pping frequencies 

Tons er acre 
C-1 C-2 

Year F- 1 F-2 F-3 F-4 Ave. F-1 F-2 F-3 F-4 Ave . 

1961 1.32 2. 04 2. 72 3.88 2. 49 1. 30 2.20 2.70 2. 50 2 .18 

1962 1. 04 1.72 2.48 3.96 2.30 1. 20 1. 55 2 .05 3 . 55 2.09 

1963 1.00 1. 72 2. 36 3 .76 2.21 1. 20 1.50 2. 15 3.45 2. 08 

1964 0 . 92 2 . 04 2 .44 4 .20 2.40 1.10 1. 85 2 .35 3.75 2 . 26 

Ave. 1. 07 1.88 2.50 3.95 2. 35 1. 20 1. 78 2 .31 3 . 31 2.15 

Table 6. Average Dry matter yield per year as influenced by harvest 
for C-1 and c- 2 clipping frequencies 

Tons er acre 
C-1 C-2 

Year H-1 H- 2 H-3 H-4 Ave . H-1 H-2 H-3 H- 4 H-5 Ave . 

1.12 0 . 54 0 .44 0 . 35 0 . 62 1. 21 0 . 50 0.31 0 . 22 0.20 0 .49 

2 0 . 83 0 . 63 0 . 44 0 .41 0 . 58 0 . 60 0.52 0.51 0.33 0.13 0 . 42 

3 0.86 0.66 0 . 40 0 .29 0 . 55 0 . 57 0.65 0 . 37 0 . 34 0 . 13 0.41 

4 1. 13 0 . 54 0.49 0.24 0.60 0 . 95 0 .49 0.38 0 . 32 0.11 0. 45 

Ave. 0 . 99 0 . 59 0 . 44 0 . 33 0 . 59 0 . 83 0 . 54 0 .39 0 .30 0 . 14 0 . 44 



QJ ... 
u 

"' ... 
QJ 
0. 

"' c 
0 
H 

5.0 

4.0 

3 . 0 

2 . 0 

l.O 

Legend: 

F - 1 

-- - ---- F- 2 
- · -·-·- F - 3 

.,..,....-·- ·- ·-· 
-· -- -·-------·--

·------· -----

2 3 4 

Figure 5. Average dry matter yield per year as 
influenced by nitrogen for the C- 1 
c lipping frequency . 

QJ ... 
u 

"' ... 
QJ 
0. 

"' c 
0 
H 

5.0 

4 . 0 

3 . 0 

2. 0 

l.O 

Legend: 

F-1 

----- -- F-2 
F-3 
F- 4 
F-5 

/·-·~- ·-·---·---· 
~---

... /,/~ 
/ 

/ 
/ 

•;.t. . ' ., --·-· ' · ...... - .- ·- ·- ·- .-- · .... .... .... 
.... .... --· 

'·--- -----·----

2 3 4 

Figure 6 . Average dry matter yield per year as 
influenced by nitrogen for th e C- 2 
clipping frequency . 



Q) ... 
u 

"' ... 
Q) 
p. 

"' " 0 
E-< 

1:6 

L 2 

0.8 

.-------
0 . 4 

Legend: 

H-1 

H- 2 

- -- · - · - · - H-3 
-•-•-•- •- H- 4 

--·--- -----·--

2 3 

-. 

4 

Figure 7 . Average dry mat ter yield per year as 
influenced by the dif ferent harvests for 
t he C-1 c lipping frequency . 

1.6 

1.2 
<lJ ... 
u 

"' ... 
Q) 

Legend: 

H-1 

--- ---- H-2 
- · -· - · --- H-3 
-•-•-•-•- H-4 

· · ··· · H-5 

p. 

-~:./ "' 0: 
0 

E-< 

0 . 8 

0 .4 

·-------;:.:.:::.. .............. 
,..... . .,.......· ·--·-.... 

_,. ·-·-·-·-·-· 
_,.,.... ........ ~·--- .. - .. -·--·- ... --. 
. -----··· ·· ... .. 

. ... - . .. ~- .. -· .• . . . -.... .. ' .... . 

2 3 4 

Figure 8 . Average dry ma tter yield per year as 
influenced by the different harvests for 
the C- 2 clipping frequency . ~ 

..... 



42 

increased for the firs t three years for both C-l and C-2 but dropped 

the fourth year . H-3 maintained yields for the first three years and 

increased the fourth year under C-1, "hereas it did not show any trend 

under C-2. H-4 showed a simi lar trend to H-2 under C- l and a gradual 

increase in all four years under C-2. To repeat it brei f ly again H-l 

decreased the second year and increased subsequently . H-4 increased the 

second year and decreas ed the next three years . H-2 and H-3 differences 

over years were small. The main source of the interaction in both C-1 

and C-2 appeared to be the differences between H-l and H-4 . Burton e t 

al. (1963) working with coastal bermudagrass showed that the annual dry 

mat t er yield of bermudagrass increased for 12 weeks and decreased 

afterwards . No data showing the influence of season on dry matter 

production is available. Some references however, are available to 

show the effect of stage of maturity in a season on dry matter pro­

duction . Under Wisconsin conditions Van Riper and Smith (1959) con ­

cluded that the most favorable time to harvest grasses in order to 

ob tain an optimum yield of desirable nutrients and a minimum yield 

of undesirable nutrient s, general l y occurred when forages approached 

l/10 bloom stage of growth during both spring and summer periods. 

Interaction of nitrogen fertilization 

x harvest 

The average dry matte r yield as inf luenced by this interaction is 

shown in Table 7. The results are graphed in Figures 9 a nd 10. It will 

be seen from Figures 9 and 10 that F-4 (200 pounds of nitrogen per season) 

greatly increased dry matter yield at all harvests. The increase was 

fo llowed by F-3 (100 pounds nitrogen per season) and F-2 (50 pounds of 

nitrogen per season). F-1 (no fertilizer) gave the lowest yields at 
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Tabl e 7. Aver age dry matter yield per harvest as influenced by nitrogen 
fe rt i li zation for C-1 and C- 2 clipping fr e quencies 

Tons er acre 
C-1 C-2 

Harvest F-1 F-2 F-3 F-4 Ave . F-1 F- 2 F-3 F-4 Ave. 

l 0 . 46 1.15 l.ll 1. 21 0.98 0.45 0.96 0 . 97 0.95 0.83 

2 0.22 0 . 35 0.87 0.94 0.60 0 . 26 0.35 0.75 0. 79 0. 54 

3 0.2 2 0 .24 0.36 0.96 0.45 0.21 0.24 0.34 0 . 79 0.40 

4 0 .1 6 0 . 16 0.16 0.84 0.33 0.18 0.15 0.18 0. 70 0 . 30 

5 0.10 0.08 0.08 0.32 0.15 

Ave . 0.27 0 . 48 0 .63 0.99 0.59 0 . 24 0.36 0.46 0 . 7l 0 . 44 
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every harvest. At F- 4, the dry matter production dec r eased for H-2, 

maintained through H-3 and again decreased for H- 4 and H-5. This trend 

was s i milar under both C-1 and C-2 . At F-3, F- 2 and F-1 there was a 

gradual decrease in dry matter production at the subsequent harvests. The 

dry matter production at F-2 and F-3 was even lower than F-1 for H- 5 

under the C- 2 fre quency. Allred (1965), and Schmidt and Tenpas (19 65) 

reported a 35 per cent incre ase in grass forage yi eld a f ter receiving 

heavy doses of nitrogen if harvested at the same time . MacLeod (1965 ) 

indicated that, nitrogen, especially at higher rates , increased the compet­

ition index of bromegrass at each harvest . However, he also caut ioned to 

r estrict harvests to four per season in order to get economic yields . 

Interaction of year x irrigation x harvest 

Only two of the second order interactions were high ly significant 

under both clipping frequencies. One of them was year x irrigation x 

harves t. In addit i on to irrigatio n, the factors involved in this 

interaction are the same as those just discussed, and therefor e it 

may be appropriate to discuss it at this place. The average dr y 

mat t er yie ld s as influenced by this interaction are presented in 

Table 8. The results show that dry matter of grass forage increased 

progressively for all years and for al l harvests a s the frequenc y of 

irrigation was increased under both C-1 and C-2. The point to be 

noted here is that the grass pasture mixture gave higher yie lds for 

C-1 than C-2 for all years and all harvests. The highest yields were 

ob tained for H-1 in the first year and when the plots were irrigated 

at five-day intervals (I-4). They were 1 . 34 and 1 . 40 tons per acre 

for C-1 and C-2, respectively . The dr y mat ter production decreased 

sharply despite short intervals of irriga tion, as the stand of grass 



Table 8. Average dry matter yield per harves t as inf luenced by year, irrigation for C-1 and c- 2 
clipping freq uencies 

Tons er acre 
C-1 C-2 

Harvest Year I-1 I - 2 I - 3 I-4 I -1 I-2 I - 3 I-4 

l 1.01 1.06 1.06 1.34 l. 07 l. 23 1.14 1.40 
2 .76 .81 .87 . 87 . 50 . 63 .59 . 68 

H- 1 3 .67 .80 1.00 .98 .49 .58 .58 . 66 
4 1.10 1.12 l. 22 1.07 .94 .96 1.02 .90 

-:89 --:95 1.04 1.07 --:75 --:as --:83 --:91 

l . 38 .56 .48 .75 .39 .46 . 54 .63 
2 . 55 . 63 . 67 .66 . 45 .52 .56 .53 

H-2 3 . 68 . 63 . 67 .66 . 63 . 70 . 63 . 63 
4 . 56 . 45 . 63 .54 .44 ___,_2.!. . 51 .51 

-:54 --:57 --:61 ---:-65 -:48 . 55 -:56 --:58 

l . 49 .35 .37 .56 .22 .45 .19 .36 
2 . 30 .43 . 55 .48 .45 . 40 . 55 . 65 

H-3 3 . 31 .33 . 45 .50 . 36 . 32 . 40 .42 
4 . 40 . 46 . 52 ~ _:12. ~ . 49 ~ 

--:58 --:39 ---:47 .53 .32 .3 7 ----:41 . 49 

l . 25 . 27 .44 .57 .15 .15 . 24 . 32 
2 .30 . 31 .so .52 .31 .28 . 31 . 43 

H-4 3 .29 . 19 . 37 . 30 . 30 .28 . 35 .42 
4 .20 . 22 ~ . 26 .32 .33 .35 .27 

---:26 ---:25 .39 ----:41 ----:27 ---:26 --:31 --:36 

.1 7 .19 . 20 .25 
2 .06 .11 .15 .21 

H- 5 3 .07 . 14 .17 .16 
4 ~ .07 .10 _:11. 

.~;- · 

a> 

.09 ---:13 ----:16 .21 
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mixture became old and harvesting was continued up t o ei ther 4 under 

C-1 or 5 under C-2. The lowest yie lds were obtained for H-5 for all 

the years and for all irrigation intervals under C-2 as compared to 

the yields of same treatments unde r C-1 . 

I nte raction of year x nitrogen 

fertilization x harvest 

This is the second interaction which was highly significant under 

both C-1 and C- 2. The data for this interaction are presented in 

Table 9. The dry matter production progressively increased each year 

and each harvest as the nitrogen fertiliza tion was increased. It was 

the highest for all years and for all harvests when the nitrogen was 

applied at the rate of 200 pounds per season (F-4). Production was 

fairly uniform from one year to the next year under simi lar tr eat -

ments. The highest yields were obtained for 1961 and 1964 when the 

plots were fertilized with 200 pounds of nitrogen and cut the firs t 

time (H-1), for C- 1 and C-2, respectively. The yi elds decreased pro­

gressively as the stand of grass mixture became old for each harvest 

in spite of nitrogen fer tilization. The l owest yields were obtained 

at all nitrogen fertilizer levels and in all years when the plots were 

cut five times (H-5) under C-2. 

The other first order, second order and third order interactions 

were non-significant within both C-1 and C-2. The dry matter yie ld as 

influenced by year x irrigation x nitrogen fertilization x harvest 

are presented in appendix Tables 63 and 64 within C-1 and C-2 frequencies, 

respectively. These data show , how the distribution of dry matter pro ­

duction was spread throughout the four seasons under different tr ea tment 

combinations . 



Table 9. Average dry matter yields per harvest as inf luenced by years, and nitrogen fertilization 
for C-1 and C-2 cl i pping frequencies 

Tons er acre 
C-1 C-2 

Harvest Year F-1 F- 2 F- 3 E-4 F-1 E-2 F-3 F- 4 

1 .61 1.25 1. 21 1.40 . 68 1.42 1.37 1.37 
2 . 38 1.0 . 98 .95 .29 . 68 . 75 .67 

H-1 3 .50 . 98 . 95 1.02 . 38 . 64 . 63 . 64 
4 . 42 1.36 1. 29 1.46 .45 1.11 1.12 1.15 

. 24 . 29 .82 .8 2 . 22 .32 . 73 .74 
2 .19 .35 . 97 1.02 .29 .34 . 69 . 75 

H-2 3 .23 .40 .97 1.05 . 28 . 44 .93 . 95 
4 . 23 . 36 . . 70 .89 . 24 . 32 .65 .75 

1 . 24 . 25 . 42 .86 . 14 .20 .30 .58 
2 .25 . 19 .33 .99 .30 .27 .38 1. 11 

H-3 3 .19 . 24 .3 2 .84 .19 .23 . 34 .73 
4 . 22 . 26 .36 1.13 . 20 . 24 .34 .75 

1 .25 . 24 . 25 .79 .12 .15 .1 7 .42 
2 . 24 .19 . 18 1.00 . 20 . 16 . 17 .81 

H- 4 3 .10 .11 .11 .83 .27 .13 .18 . 78 
4 .74 . 72 .08 .72 .14 .15 .20 .79 

1 .13 .12 .14 .42 
2 .14 .11 . 07 .2 1 

H-5 3 .07 .06 .09 .33 
4 . 05 . 03 . 05 .31 



Influence of Treatment s on Nitrogen 

Content of Pasture Mixture Within 

C-1 and C-2 Frequencies 

The data for nitrogen percentage of the orchardgrass-bromegrass mix­

ture were analyzed separate l y under C-1 and C-2 frequencies. The analyses 

of var iance for the C-1 and C-2 freq uencies are given in Appendix Tables 

47 and 48, respectively. 

The analyses of variance show that the "F" values for main effects, 

viz . years, irrigations, nitrogen fer tilizations, and harvests were 

highly significant. The "F" values of some of the first order and 

second order interactions were also s i gn ificant to highly significant 

under both C-1 and C-2. 

Response to year s 

The nitrogen content of the grass pas ture mixture under both C- 1 

and C-2 is given in Table 10. The differences were highly significant. 

Results in C-2 show that for each year the nitrogen content \Vas higher 

than in the C-1 frequency . Thi s indicates that yields of forage and 

nitrogen content are inve rs e ly related to the frequency and intensity 

of defoliation. Similar results were obtained by Harlan (1960), 

Holscher (1945), Neiland (1956) and Pond (1961). Under the C- 1 fre-

quency the forage was clipped at an interval of 35 days, whereas, 

under the C- 2 frequency, it was c lipped at an interval of 28 days . 

The difference betwe en 1961 and 1964 was not significant but it was 

highly significant between 1961 and 1962, 1961 and 1963, and 1962 and 

1963. This trend was the same under both C-1 and C-2. The highest 
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Tabl e 10. Effe ct of year on average nitrogen content for C-1 and C- 2 
clipping frequencies 

Ye ar C-1 C- 2 Ave. 

1961 2.28 2.56 2.42 

1962 2 . 39 2. 69 2.54 

1963 2 . 49 2.82 2 . 65 

1964 2.29 2.58 2.43 

Ave. 2.36 2.66 

LSD: 57, - 0.066 0.0699 
17. - 0.093 0.0981 
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nitrogen content was found in 1963 under both clippings. The amounts 

were 2.49 and 2 .8 2 percent r es pectively . Ne<ve ll and Keirn (1947) showed 

that the tissues that regrow after defoliation have a high percentage 

of crude protein. These and many other workers' results show a similar 

trend for nitrogen content as found in these studies . 

Effect of irrigation on nitrogen content 

The overall influence of irrigation on nitrogen content of forage 

within the C- 1 and C-2 f requenci es is given in Table 11. The results 

are presented in Figure 11 . The 11 F11 values of this main effec t were 

highly significant under both C-1 and C-2. From Figure 11 it can be 

seen that the effect of high soil moisture regime on nitrogen content 

is no t very favorable. The nitrogen conten t of grass plants generally 

decreased under wet conditions. The se results are similar to the 

results of Thomas and He ilman (1967). Janes (1948), Nelson (1925) 

working with snap beans and Thomas et al. (1942) working with tomatoes, 

indicated that the nitrogen content of the leaves of these crops was 

reduced when the moisture regimes were increased . Similar observations 

were also made by Emmert (1936) on tomato leaves. The nitrogen content 

was the highest at I-1 under both C- 1 and C-2. The amounts were 2 . 43 

and 2.74 percent, respectively. The lowest nitrogen content was at 

I -4 . The amounts were 2.28 and 2.58 percent for C-1 and C-2, r espec­

tively. The content of nitr ogen was highe r at all the irrigation l evels 

under C-2 than under C-1. This is attributed to the effec t of short 

intervals between harvests under C-2 which will be seen in more detail 

unde r the harvest treatment. 



Table ll. Effect of irrigation on the average nitrogen content for 
C- 1 and C-2 clip ping fr equencie s 

Irri ation 

l-1 

l - 2 

l-3 

l-4 

Ave . 

LSD: 5% - 0 . 066 
1% - 0 . 093 

Percent 
C-1 

2.43 

2. 37 

2. 37 

2. 28 

2.36 

52 

C-2 

2 . 74 

2.68 

2 . 67 

2 . 58 

2 . 67 

0 . 07 
0.10 
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Ef fect of nitrogen fertilization on 

nitrogen content 

This main effect is represented in Table 12 . The results are 

graphed in Figure 12. Figure 12 shows that under C-2 the nitrogen 
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con t e nt of grass plants was higher than under C-1. This again i ndicates 

the effect of short intervals in cutting forage . These results are similar 

to Allred ' s (1965). The data in Tab l e 12 show that there was a de-

crease in nitrogen content as the nitrogen fer tili za tion increased up 

to 100 pounds per acre. Whereas, when the plo t s were fertilized with 

200 pounds per acre (F-4), the nitrogen conten t increased by .13 and 

.16 over the F-3 level (100 pound per acre), under both C-l and C-2, 

respectively. MacLeod (1965) observed that application of 200 pounds of 

nitrogen increased the nitrogen content in the grass plants by over 30 

percent. Timothy showed the lowest percentage of total nitrogen at all 

but the highes t rate of nitrogen fertilization but it was slightly higher 

than orchardgrass. Under these studies, the l owest nitrogen content was 

obtained for F- 3. This was true for both C-1 and C-2. The amounts 

were 2 .24 and 2.58 percent under C- 1 and C-2, respective!y. This trend 

was similar to the results obtained by Carey et al . (1952). 

Effect of different harves ts on 

nitrogen content 

The nitrogen content as i nfluenced by different harves t s is pre-

sented in Table 13." The results are graphed in Figure 13. The "F " value 

fo r this main effect was highly significant under bo th clipping frequencies. 

Here again the nitrogen content was higher for each harvest under the C-2 

than the C-1 frequency. The nitrogen content increased at each succeeding 
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Table 12. Effec t o f nitrogen f e rtilization on average nitroge n content 
for C- 1 and C- 2 clipping frequencies 

Percen t 
Fertilization C- 1 C- 2 

F-1 2 . 43 2.67 

F-2 2 . 41 2.66 

F- 3 2.24 2 . 58 

F- 4 2.37 2. 74 

Ave. 2.36 2.66 
(2.51) 

LSD: 5% - 0.075 0.07 
1% - 0 . 100 0.09 

Table 13. Effect of di fferent harvests on the nitrogen cont en t for C- 1 
and C- 2 c li pping frequencies 

Percent 
Harvests C-l C- 2 

1. 97 2.30 

2 2.30 2 . 50 

3 2 . 46 2.68 

4 2 .7 2 2.93 

5 2. 92 

Ave. 2 . 36 2.67 

LSD: 5% - 0 . 058 0 . 05 
1% - 0.076 0.07 
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harves t . Th e l owes t values we r e o btaine d for H-1. The nitroge n c ontent s 

fo r H-1 we r e 1.97 and 2.30 pe r cen t und e r C-1 and C-2, r e spective ly . 

Effect of interaction of year x harve st 

on nitrogen conte nt 

The in f luence of the year x har ve st interaction on nitrogen per­

centage unde r the C-1 and C-2 f r equencie s is shown in Table 14. The results 

are graphed in Figures 14 and 15 for C-1 and C-2, respectively. These 

figures show that nitrogen conte nt inc r e ased until 1963 e xcept for H- 2. 

They decrease d in 1964 at all harvests under both fr equencie s . H-1 

showed a sharp decreas e in 1964 under both C-1 and C-2. H-2 gradually 

increased for the first two years, and dropped in 1963, and again increased 

slightly in 1964 . H-3 increased for all four years under C-2. H-4 

showe d a similar trend to H-1 with overall higher nitrogen content than 

H-1, fo r bo th c lip pings. H-5 f or C-2 produced the highe r nitrogen c on-

tent in 1962 and 1963, than H-4 in the same years. However, it had a 

similar trend to H-2. These results show that the fourth harvest was 

better in nitrogen content for all four years . The influence of seasons 

on the nitroge n c ont e nt o f forages has no t yet attracted the inter e st o f 

re s e arch worke rs. Howev e r, some r e su l ts are available on the influence 

o f maturity o f grass forages on chemical content . Van Riper and Smith 

(1959) found that bromegrass grown with alfalfa was noticeably higher in 

percentage of protein during the summer than during the spring. Adam 

e t al . (1967) working with bermudagrass indicated that the percentage 

nitrogen in f orage was higher at the July harvest than the June harvest, 

declined at the August harvest and increased again at the October harvest. 

Further, they concluded that the higher nitrogen content in July was prob­

ably influenced by the weather cond itions resulting in accelerated nitri -
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Ta bl e 14 . Average nitrogen content per year as influenced by harves t 
for C- l and C-2 clipping freq uenc i es 

Percent 
C- l C-2 

Year H- l H-2 H- 3 H-4 Ave. H- l H-2 H-3 H-4 H-5 Ave. 

l. 90 2 . 22 2.32 2 . 68 2.28 1.85 2.43 2 . 68 3.03 2.84d 2.57 

2 l. 94 2.44 2.50 2.67 2.37 2.50 2. 60 2 . 5od 2.85d 2.99 2. 69 

3 2 . 30 2.20 2.57 2.90 2.49 2.86 2 . 46d 2 . 77 3.00 3.04 2 . 83 

4 l. 75 2 . 33 2. 45 2 . 64 2.29 1.98d 2.52 2.76 2 . 85d 2. sod 2.58 

Ave. l. 97 2.30 2.46 2. 72 2.3 6 2 . 30 2.50 2.68 2.93 2.92 2.67 
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f ication and rapid gr owt h. 

Effect of the interaction of irrigation x 

nitrogen fer t ilization on nitr ogen conten t 

60 

This interaction wa s nonsignificant under C-1 and highly s i gni f i cant 

under the C-2 frequency . The r esu lts of the i nte raction f or the C-2 f r e ­

quency are presented in Table 15 and graphed in Figure 16 . F i gure 16 shows 

that nitrogen content decreased fo r F-1 (no fertilizer) and I - 2 (medium 

irrigation interval) and later maintained at I - 3 (medium s hort) and I-4 

( short irrigation int e rval). F-2 (50 pounds of nitrogen per season) 

followed a s i milar trend to F- 1. On the other hand, F-3 and F- 4 maintained 

the nitrogen co ntent at I - 1, I- 2 and I-3, and decrea sed at I-4 (short 

irriga tion int erval) . Kilmer e t al. (1960) indicated that the conc entra­

tion of nitrogen in for age plants was no t significantly affec ted by varia­

tion in the soil moisture s upply. Wadleigh and Richards (1951) stated 

that mos t exper imental ev id ence shows that f or a g ive n l eve l of fertility, 

decreasing soil moisture supply is as soc iate d with a definite increa se 

in nitr ogen co ntent of the plant tissue . Jenne et al. (1958) showed no 

effec t of soil mois tur e s tress on nitrogen of who l e corn plant s . Benne tt 

et al. (1964) s howed that the percentage of nitr ogen in the above gr ound 

porti on of the sudangrass, Starr millet and Sart sorghum dec r eased as 

the available moisture increased . 

Effec t of interaction of nitrogen fertiliza ­

tion x harvest on nitroge n content 

The results of th e interaction be tween nitrogen fe rtilization x 

harvest are pr esen t ed in Table 16 and graphed in Figure 17 and 18 for 

C- l and C-2, respec t ively. It wi ll be seen from these figures that 
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Table 15. Average nitrogen content as influenced by irrigation and 
nitrogen fertilization for C-l and C-2 clipping frequencies 

Perc ent 
Irriga- C- l C-2 
tio n F-1 F-2 F-3 F-4 Ave. F-1 F-2 F- 3 F- 4 Ave. 

I-1 2.44 2.44 2.25 2.59 2.43 2. 79 2.69 2.62 2.85 2.74 

I-2 2. 37 2.35 2.34 2.44 2.38 2.62 2.63 2.63 2.82 2.68 

I-3 2. 51 2 . 39 2.23 2.35 2.37 2.63 2.68 2.62 2.76 2.67 

I - 4 2.42 2. 45 2.15 2. 10 2.28 2.65 2.66 2. 46d 2.55d 2 . 58 

Ave. 2 .44 2.41 2. 24 2.37 2.37 2.67 2.67 2.58 2.75 2.67 

Table 16. Average nitrogen content per harvest as influenced by nitrogen 
fertilization for C- 1 and C- 2 c l ipping frequencies 

Percen t 
Har- C-1 C- 2 
ve st F-1 F-2 F- 3 F-4 Ave. F- 1 F-2 F-3 F-4 Ave . 

l. 91 2.06 l. 93 2.00 l. 98 2.21 2 .34 2.34 2.30 2.30 

2.41 2.2 1 2.25 2.33 2.30 2.47 2.38 2.53 2.62 2.50 

3 2.57 2.50 2 . 28 2.50 2.46 2 . 72 2.66 2.46 2.87 2.68 

4 2 . 84 2.86 2. 52 2. 66 2 . 72 2. 95 2 . 91 2.70 3.17 2.93 

5 3.01 3.02 2.89 2.76 2. 92 

Ave. 2.43 2.41 2.25 2.37 2.37 2.67 2.66 2.58 2. 74 2.67 
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Figure 17. Average nitrogen con t en t per harves t as 
inf lue nced by nitrogen fe rtilizati on for 
the C-1 clipping freq uency . 
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the nitrogen conten t for F-1 gradua ll y increased for all harvests . 

The trend was similar to both clippings. F-2 showed a s imilar trend to 

F-l for both C-1 and C-2 . F-3 showed a similar trend t o F-1 and F-2 

excep t that the increase was very gradual for C-1 and a small drop at 

H-3 fo r C-2. F-4 showed a similar trend to H-l under C- 1 . Under C- 2, it 

increased gradually until H-4 giving higher nitrogen content than othe r 

fertilizer treatments but dropped sharp l y fo r H-5. Fuellman (1948), 

Rather and Harrison (1939), Comstock and Law (1948) and Churchill 

(1947) showed that both the height and frequenc y of cutting influence 

the yield and nitrogen content of the herbage produced . 

Th e main effect , viz. irrigation, and the other first order, 

second order , and third order interactions were nonsignificant under 

C-l and highly significant under C- 2 frequency . On the other hand, only 

the first order interaction of year x nitroge n fertilization was signifi­

cant at 0.01 level under C- 2 and nonsignificant under C-1. 

No second or third order interactions were significant under both 

C- l and C- 2. The nitrogen percentages as in fluenced by year x irrigation 

x nitrogen fertilization x harvest are pr esente d in appendix Tables 65 

and 66 for C-1 and C-2, respectively. These show , how the distribution 

of nitrogen pe rcentage was spread throughout the four seasons und e r 

different treatmen t combinations. 

Influence of Treatments on Phosphorus 

Content of Gras s Pasture Mixture 

The data for phosphorus percentage of orchardgrass-bromegrass 

pasture mixture were analyzed separately under the C-1 and C-2 clipping 

frequencies . The analyses of variance within C- l and C-2 treatments 

are given in appendix Tables 49 and 50, respectively. 
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The analyses of variance show that the "F" values for main effects, 

viz. years, nitrogen fertilizations, and harvests were highly signifi­

cant under both C-1 and C-2. Whereas, irrigation was nonsignificant 

under C-1 and highly significant under C-2. The "F" values of some of 

the first order and second order interactions were also significant to 

highly significant under both clippings. 

Response to years 

The phosphorus content of grass pasture mixture under the C-l and 

C-2 frequencies is presented in Table 17 . The "F" value of this main 

effect was highly significant under both C-l and C-2. For each year, the 

phosphorus content increased significantly over the previous year. This 

was the same for both freq uencies. The average values for phosphorus 

content under C-l were .32 1 , .387, . 416 and .433 percent, whereas, under 

C-2 they were .364 , .373, . 448 and .467 percent for 1961, 1962, 1963 

and 1964, r es pectively. The highest phosphorus content was ob t ained 

in 1964 and the lowest in 1961 under both C-1 and C-2 . Adam e t al. 

(1967) fou nd a s imilar trend for phosphorus content in grasses in their 

studies under Georgia conditions . 

Effect of nitrogen fertilization en 

phos phorus content 

The influence of nitrogen fertilization on phosphorus content of 

grass forage within C-l and C-2 is shown in Table 18. The results are 

graphed in Figure 19. From Figure 19, it wil l be seen that the 

phosphorus content in grass forage was not much affected by nitrogen 

fe rtilization up to 100 pounds per season but with 200 pounds of 

nitrogen, the phosphorus content decreased. MacLeod (1965) found that 
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Ta ble 17 . Effect of year on average phos phoru s content pe r C- 1 and 
C- 2 c lipping f r equ enc i es 

Percent 
Year C-1 C-2 

1961 0 . 321 0.364 

1962 0.387 0.373 

1963 0 . 416 0.448 

1964 0.433 0.467 

Ave. 0.389 0.413 

LSD : 5% - 0 . 026 5% - 0.0168 
1% - 0 . 037 1% - 0 . 023 6 

Table 18. Effect of nitrogen f ertilization on average pho s phorus 
content for C- 1 and C- 2 clipping frequencies 

Percent 
Fert ili zation C-1 C-2 

F-1 0.419 0.422 

F-2 0.398 0 .425 

F- 3 0 . 408 0 .438 

F-4 0.331 0.366 

Average 0.389 0.413 
(0.401) 

LSD: 5% - 0 . 018 5% - 0.018 
1% - 0.023 1% - 0.024 

Avera e 

0.342 

0.380 

0.432 

0.450 

Average 

.421 

.411 

. 423 

.399 
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in grasses , phosphorus content decreased from 0.32 with zero nitrogen to 

a low of 0.18 percent with 200 pounds nitrogen treatment. Adam et al. 

under Georgia conditions, found that although the total phosphorus r emoved 

in the forage increased with increasing fertility l evels , the percent re ­

covery declined generally as the rate of fer tilization increased. 

Effect of different harvests on 

phosphorus content 

The phosphorus content as influenced by different harvests is presen ­

ted in Table 19. The "F" value of this effec t was highly significant under 

both C- 1 and C-2. The phosphorus content of grasses varied widely with 

the date of harvest in the manner similar to nitrogen content . The phos ­

phorus content was highest at H-4 und er both C-1 and C-2. The amounts 

were .555 and . 510 percent respectively . At each subsequent harvest, the 

phosphorus content of forage increased, except at H- 5 under C- 2. For this 

harvest, th e phosphorus content was lower than for H- 4. Adam e t al. (1965) 

working with bermudagrass and orchardgrass found that the phosphorus con ­

tent of these grasses was higher in the July harvest than in adjacent 

harvests in June or August. They indicat ed that the climatic factors 

whic h appeared t o influenced the growth of bermudagrass and orchardgras s 

were more optimum for nitrient uptake during the per i od of June 10 to 15. 

Effect of interaction of year x harvest 

on phosphorus content 

The phosphorus percentages as influenced by the year x harvest 

interaction are shown in Table 20. The results are graphed in Figures 

20 and 21 for C- 1 and C-2, respectively . It will be seen from Figures 

20 and 21 that the phosphorus content of the grass pasture mixture 
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Tab l e 19. Effect of different harvests on th e phosphorus content 
fo r C-1 and C- 2 c l ipping f r equencies 

Ha rves t C-1 C-2 

0. 299 0.330 

2 0.388 0.392 

3 0 . 413 0.398 

4 0 .5 55 0.510 

5 0.432 

Average 0 . 414 0 . 413 

LSD: 5% - 0 . 017 0 . 015 
1% - 0 .023 0.019 

Table 20. Average phosphorus content per year as inf luenced by harvest 
fo r C-1 and C-2 c l ipping frequencies 

Pe rce nt 
C-1 C- 2 

Year H- 1 H- 2 H-3 H-4 Ave . H-1 H-2 H- 3 H- 4 H-5 Ave . 

0.221 0.284 0.400 0.379 0 . 321 0.232 0 .296 0.368 0.432 0 . 47 1 0.364 

0 . 293 0.414 0.390 0.45 2 0 .387 0. 323 0.405 0.353 0.480 0 .304 0 . 373 

3 0.36 6 0 . 389 0.376 0 . 532 0.416 0.398 0.387 0.360 0 . 394 0.304 0.409 

4 0.315 0.466 0.494 0.458 0.433 0. 348 0.505 0 . 501 0.533 0 . 448 0 . 467 

Ave . 0 .299 0.388 0 .415 0 .455 0.389 0 .330 0 . 398 0 . 396 0 . 460 0 . 432 0.403 
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increased for both C-1 and C-2 for H-1 and decreased sharpl y the fourth 

year . H-2 increased for the second and fo urth year but was dep r essed 

t he third year. H-3 graduall y dec rease d the second and third year and 

increased sharpl y the fourth year . These trends we re s imilar for both 

C-1 and C-2. H-4 showed a s imilar trend t o H-1 for C-1. H- 4 was al so 

s imilar to H-2 for C-2. H-5 did not show a trend. However, it had the 

lowes t phosphorus content for 1962, and th e highest for 1963. H-1 and 

H-4 had a progressive incre ase in phosphorus content the firs t three 

yea r s , but a sharp r ed uction the fourth yea r . By contra s t, H-2 and 

H-3 had an increase in phosphoru s content the fourth year in C-1 . 

Adam e t al. (1967) showed that the phosphorus content of bermuda­

grass was significantly higher in July than in adjacent harvests in 

J une or August under Georgia conditions . Dotzenko and Ahl gren (1951) 

indicated that on a percentage basis phosphorus content of the her bage 

of smooth brornegrass decr e ased \V"ith increased maturity. The ir work 

was mostly con f ined to th e maturity o f grasses in a particular season 

and not the age of stand of grasses as was studied in this experiment . 

Effec t of the interacti on of nitrogen ferti liza­

ti on x harve st on phos phorus content 

The influence of this interaction on the phosphorus content of 

the grass pasture mixture is pres ented in Table 21. The results are 

gr aphed in Figures 22 and 23 for C-1 and C-2, respectively. It wil l 

be seen from thes e figure s that ther e was a gradual decrease in phos ­

phorus content of the forage associated with an increa se in nitrogen 

f e rtilization for H-l under bo th C- 1 and C- 2. At the F-3 (100 pounds of 

nitrogen per season) there was a sharp increase in phosphorus content 



Table 21. Average phosphorus content per harves t as influenced by nitrogen fertilization 
for C-1 and C-2 clipping f r equencies 

Percent 
C- 1 C-2 

Harvest F- 1 F-2 F- 3 F- 4 Ave . F- 1 F-2 F- 3 F- 4 Ave . 

0.312 0 . 295 0.300 0.288 0.299 0.324 0.328 0.326 0 .3 25 0 . 330 

2 0.460 0.419 0.348 0.324 0.388 0.416 0.422 0 . 375 0 . 381 0 . 399 

3 0.428 0 . 431 0 . 455 0 . 346 0 .415 0 . 425 0 .421 0 . 405 0 . 330 0 . 395 

4 0 . 474 0.447 0.530 0.362 0.455 0 . 516 0 . 525 0 . 592 0 .406 0 . 510 

5 0 . 412 0 . 431 0 . 494 0 .389 0 . 432 

Ave . 0.419 0.398 0 .408 0.332 0 . 389 0 . 422 0 .4 25 0.438 0 .366 0.413 
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for H-3 and H-4 under C-1 and H-4 and H- 5 under C-2. Thomas and Heilman 

(1967) working with sweet peppers found that total phosphorus uptake 

incr eased in plants as the nitrogen fertilize r increased on both non­

phosphated and phosphated soils. The percentage of t otal phosphorus 

absorbed from the fert ilize r also increased wi th addition of nitrogen 

fer til izer. On the other hand, MacLeod (1965) working with alfalfa 

and grasses found that in grasses the phosphorus content decreased 

from 0.32 with 0 nitrogen to a l ow of 0.18 percen t with 200 nitrogen 

treatment. Reid et al . (1967) obse r ved no apparent effect of higher 

nitrogen l evels on the concentration of phosphorus. 

The main effect, viz. irrigation; the first order interactions, 

v iz. year x irrigation, irrigation x nitrogen fertilization; the second 

order interactions, viz . year x irrigation x harves t and year x nitrogen 

fertilization x harvests were nons i gnificant under C- 1 and highly 

significant under C- 2 frequency. 

The other first order, second order, and third order interactio ns 

were nonsignificant under both C- 1 and C-2 . 

The phosphorus percentage as influenced by the third order inter ­

action, viz. year x irrigation x nitrogen fert ilization x harvest is 

presented in appendix Tab l es 67 and 68 fo r C-1 and C- 2, respectively. 

These tables show how the distribution of phosphorus percentage was 

spread through out the four seasons under the different treatment 

combinations. 



Influence of Treatments on Potassium 

Content of Grass Pa sture Mixture 
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The data for potassium percentage of the orchardgrass-bromegrass 

pasture mixture were analyzed separately under C-1 and C- 2 . The analyses 

of variance within C-1 and C- 2 treatments are given in appendix Tables 

51 and 52 respectively. 

The analyses of variance show that the "F11 values for main effects 

for years and harvests were highly significant under both C-1 and C- 2. 

The main effect of irrigations was nonsignificant under both C- 1 and C-2. 

On the contrary, main effect of nitrogen fertilization was non - significant 

under C-1 and significant at .05 level under C- 2. Only the first order 

interactions viz. year x harvest lvas highly significant, whereas a l l 

other in t e r ac tions \.Je re nonsignificant und e r both C- 1 and C- 2. 

Response to years 

The potassium content of grass pasture mixture und e r C-1 and C- 2 

is given in Table 22. The data indicate that the differences be t ween 

the years were highly significant. In fac t, only small differences 

were required to provide a highly significant effect . The percentage 

of potassium generally decreased with advance in age of stand of grass 

pasture mixture . In 1962, however, there was a higher potassium 

percentage than in 1961. There was a gradual reduction in potassium 

content over years , except for 1962 which gave the highest amount. 

This trend was found for both C- 1 and C-2 . 

The influence of age of stand on the potassium content of grasses 

has not been reported previously . However, some results are available 

on the maturity of grass forage in a season. 



Tabl e 22. Effec t of year on average potassium cont ent for C- 1 and 
C-2 c lipping frequencies 

Percen t 
Year C-1 C- 2 

1961 1.49 1. 48 

1962 1. 70 1. 60 

1963 1. 49 l. 44 

1964 1. 27 1.32 

Ave. 1.49 1.46 

LSD: 5% - 0 . 05 5% - 0.046 
1% - 0 . 07 1% - 0 . 064 

76 

Ave. 

1.48 

1.65 

1. 47 

1.30 
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Effect of nitrogen fertilization 

on potassium con t ent 

The results of this inte raction are presented i n Table 23 a nd 

graphed in Figure 24 . The "F" value of this effect was nonsignifican t 

within C-1 and s i gnificant at .05 leve l within C- 2 . Figur e 24 shows 

that the po t ass ium content was not cons i stent under the n i trogen 

fer tiliza ti on t reatment s . The overall response of nitrogen fer tili ­

za t ion wa s hig her for C-1 than for C-2 excep t for F- 3 ( 100 pound s o f 

nitrogen per season) which was slightly be tter i n po t assium cont ent 

for C- 2 than fo r C- 1 . The differences between othe r fertil i zat ion 

treatments were nonsignificant. Griffith (1964) observed t hat nitrogen 

applicat i on s on grasses caused a potassium def i c i ency during Jul y and 

August gr owth per iods . Further, the potassium cont en t dropped t o 1.6 

and 1 .4 percen t, r espectively, fo r t he medium and high n it r ogen l evels 

where po t assium was withheld . This depression was assoc i ated wi th a 

marked i ncrease in asparagine content of grass . 

Effec t of di ffer ent harves t s 

on po tassium content 

The i nf luence of t h is main effect on the po tas s ium content of grass 

pas ture mix ture i s shown in Ta ble 24 . The r esult s are gr a phed in Figure 

25. It will be seen f r om Figure 25 tha t the po tass i um content gr adua lly 

i nc r ea sed for t he fi r s t three ha r vests and shar ply dropped fo r the 

fourth harvest for both c lipping f r equencies . For H- 5 under C- 2 , 

t her e was a s light increa se in po t ass ium content . The po ta ss ium con-

t ent dropped abou t 22 and 18 per cent at H-4 fo r C-1 and C- 2, r espective l y . 

The l owes t po t ass ium content was obtained for H-4 under bo th C- 1 and C- 2 . 



Tab l e 23. Effec t of nitrogen fert ili zation on average potassium 
content for C-1 and C- 2 c lipping frequencies 

Percent 
Fertiliza tion C-1 

F-1 1. 47 

F-2 1. 50 

F-3 1. 48 

F-4 1. 49 

Ave . 1.49 
(1. 48) 

5% -

C- 2 

1.46 

1.46 

1.49 

1.43 

1. 46 

0.04 

Tab l e 24. Effect of dif fer ent harvests on potassium content for C- 1 
and C-2 clipping frequencies 

Percent 
Harvests C-1 C- 2 

1.53 1.58 

2 l. 55 1. 59 

3 1.61 1.55 

4 1.25 l. 27 

5 1.30 

Average 1.49 1.53 

LSD: 5% - 0 . 051 5% - 0 . 05 
1% - 0 . 067 1% - 0.06 
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Dotzenko and Ahlgren (1951) conc luded that the 1/2 bloom stage 

gave the maximum quality grass forage . This qualit y was measured 

through th e mineral contents of th e grass forage . 

Ef fec t of the interaction of year x 

harves t on po tassium content 

The r esult s of this in t eraction are presented in Tab l e 25 and 

gr aphed in Figur es 26 and 27 for C- 1 and C- 2, r espec tive l y. These 

figures show that the potas sium content increased for both C-1 a nd C- 2 

for H-1 except that a decrease occurred the third year. H-2 gradually 

increased fo r the f irst three years fo r both C-1 and C-2, but dr opped 

shar ply th e fourth year for bo t h C-l and C- 2 . H-3 incr eased during 

the intermediate year s, but dropped sharply the fourth year fo r both 

C- 1 and C-2. For H-4 ther e was a gradual decrease in potassium cont ent 

t he first three years f or both C-1 and C-2, but a slight increas e the 

fourth year . H- 5 was simi l ar to H- 4 in po tassium content during all 

four year s under the conditions of this stud y . Salmon e t al. (1925) 

Van Riper and Smith (1959) and Dawson et al . (1940) wo rking with 

fo rages indicated that the pe rcen tages of phosphorus and potassium 

in a l fa lfa and o ther fo rage species decl ined with maturit y . Re id e t 

al . (1967) observed simi lar r esults. 

The main effect viz. irriga tio n, and the other firs t order , second 

orde r and third order inte ractions were nons ignifican t under C- 1 and 

C- 2. 

The po ta ss ium percentage as influenced by the third order inter ­

ac tion ar e presented in appendix Table s 69 and 70 to show the gene r a l 

distribution of po t assium cont ent throughout the four seasons und er 
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Table 25 . Ave rage pota ss ium cont en t per year as influe nced by harvest 
fo r C- 1 and C-2 clipping fre quencies 

Percent 
C-1 C- 2 

Year H-1 H-2 H-3 H-4 Ave . H-1 H- 2 H-3 H- 4 H-5 Ave . 

1.15 1. 72 l. 4 7 l. 59 1.48 1. 16 1. 76 1. 47 1.50 l. 52 1.48 

2 1. 70 1. 76 2.20 1.15 1. 70 1.84 1. 76 l. 74 1. 25 1.43 l. 60 

3 1.51 1.85 l. 55 l. 05 1. 49 1. 52 1.83 l. 72 1.06 1.05 1.44 

4 1.77 0 .87 l. 22 l. 23 1. 27 1.82 1.00 1.29 l. 29 1.18 l. 3 2 

Ave . 1.53 1. 55 1. 61 l. 26 1. 59 1.59 1.59 1.56 l. 28 1.30 1.46 
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the different treatment combinations . 

Influence of Treatments on Calcium Content 

of Grass Pasture Mixture 

83 

The data for calcium percentage of orchardgrass-bromegrass pasture 

mixture were analyzed separa t ely under C-1 and C-2 clipping frequencies . 

The analyses of variance fo r the C-1 and C-2 treatments are g iven in 

appendix Tables 53 and 54 , respect ively . 

The analyses of variance shmv that the 11F" values for the main 

effec ts, viz. years , nitrogen fertilizations and harvests were highly 

significant within the C-1 and C-2 frequencies . The "F" values of a 

few f irst order, and second order interactions were also significant 

or highly significant under both frequ encies. 

Response to years 

The calcium content of the grass pasture mixture within C-1 

and C-2 frequencies, is presented in Table 26. The differences among 

the years were highly significant. The highest calcium content was 

obtained for 1961 under both C-1 and C-2 . The amounts were 1 . 27 and 

1.32 percent, respect i ve ly . The l Gwest amounts, viz .. 73 and . 70 

percent were obtained for 1964 for C-1 and C-2, respectively . The 

intermediate years did not show any particular trend. For 1963 the 

calc ium content was slightly higher than for 1962. 



Tab l e 26 . Effect of year on aver age calcium content for C-1 and 
C-2 clipping frequencies 

Pe rcent 
Year C-1 C-2 

1961 1. 27 1.32 

1962 0.82 0.87 

1963 1.08 1.08 

1964 0 . 73 0 . 79 

Ave. 0 . 98 1.02 

LSD: 57. - 0.096 5% - 0 . 054 
1% - 0 . 135 1% - 0 . 076 
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Ave. 

1.30 

0.85 

1. 08 

0 . 76 



Effect of nitrogen fertilization on 

calc ium content 

85 

The influence of nitrogen fertilization on calcium content of grass 

fo rage within the C-1 and C-2 frequencies is shown in Table 27 and graphed 

in Figure 28. It will be seen f rom Figure 28 that calcium gradually de ­

creased as the levels of nitrogen ferti lizer increased. The l owest 

calcium contents were obtained from the highest nitrogen level (F-4). 

This trend was similar for both C-l and C-2 . Reid, Jung, and Murra y 

(1966) working with orchardgras s showed that the calcium content de­

creased as the nitrogen fertilizer levels were increased. Reid, Odhuba 

and Jung (19 67) concluded that there was no apparent effect of higher 

nitrogen levels on the concentration of calcium in grasses . 

Effect of different harvests 

on calcium content 

The calcium content as influenced by different harves ts is presented 

in Table 28 . The results are graphed in Figure 29 . The data show that 

ca lcium gradually increased during th e season . The l owes t calcium con­

tents were ob tained for H-1 and the highest for H-4 under C- 1 and for H-5 

under C-2 . The amounts were 1.09 and 1.22 pe r cent , respectively. For 

H-3 and H- 4 the calcium content was slightly higher for C-1 than C- 2. 

This may be attributed to the large interva ls between cuttings under C-1. 

There appears to be an influence of period of cuttings on the calcium con­

tent. Ririe and Toth (1952) con side r ed calcium to be an immobile e l ement. 

As there is less calcium in the lower leaves than in upper, the harvest 

of forage has an influence on the calcium . Van Riper and Smith (1959) 

and Beeson (1952) obtained similar results for grasses grown as pure species 

but could not es tablish a trend when legumes were included in the mixture. 



86 

Table 27. Effect of nitrogen fe rtili za ti on on ave rage calcium content 
for C-1 and C-2 clipping frequencies 

Pe rcent 
Fe rtilization C- 1 C- 2 Average 

F-1 1.17 1. 22 1.19 

F-2 1.06 1. 02 1. 04 

F- 3 0. 92 0. 95 .93 

F- 4 0 . 75 0.86 .8 1 

Average . 98 1. 01 
(1. 06) 

LSD: 5% - 0.078 5% - 0 . 05 
1% - 0 . 106 1% - 0 . 06 

Table 28 . Effect of different harvests on the ca l cium content for C-1 
and C-2 clipping .frequencies 

Percent 
Harves t s C-1 C-2 

0.81 0 . 93 

2 0 . 93 0.93 

3 1.06 0.95 

4 1.09 1. 04 

5 1. 22 

Average 0.97 1. 01 

LSD: 5% - 0.056 5% - 0.05 
1% - 0 . 075 1% - . 0 . 07 
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Ef fec t of year x harvest on 

calc ium conte nt 

88 

The influence of the interaction of year x harvest on calcium 

content of gra ss forage within C-1 and C-2 i s s hown in Tab l e 29. The 

r es ults are present ed i n Figures 30 and 31 , respectively. These 

f igures show that the ca l cium content fo r H-4 decr ea sed sharply the 

second and fourth yea r s unde r C-1 and C-2. The first and third years 

showed a high calcium content in pasture plants. H-2 and H-4 s howed 

s imilar trends to H-1 unde r both C-1 and C- 2. H-3 dec r eased s harp l y 

the second year and gradually increased the third and fo urth years for 

both clipping freq uenc i es . H-5, und er C-2 decreased the second year, 

maintained for the third year and sharply increased the fourth year . 

It wi ll be seen f r om th e data that the initial year, and third year , 

gave highe r ca l cium co n tent s than the second and fourth years. The 

fourth year Has l owes t in calcium percentage in all harves t s except 

at H- 5 under C-2. The data on the effec t of age of stand on calcium 

content of forage is very meager . However, some work has been done on 

the ma turity of the forage in a given season . Van Riper and Smith 

(1959) stated that a general trend for percen tage of calcium with 

advance in maturity was not clearly indicated during a growth period. 

The literature differs on the tr end of calcium in forage plan t s with 

advance in maturity. Ca l c ium percentage increased in a lfal f a with 

advance in maturity . Ca l cium pe rcentage increased in al falfa with 

advanced maturity in s tudies by Woo dman e t al . (1933), while the 

calcium percentage was highe r in th e initial bloom s tage than in the 

later sta ges of growth in s tudies by Dawson e t al . (1940). 
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Tab l e 29. Average calcium content per year as influenced by harvest 
for C- 1 and C-2 clipping frequencies 

Perc ent 
C- 1 C-2 

Year H- l H- 2 H- 3 H-4 Ave . H-1 H-2 H- 3 H-4 H- 5 Ave . 

l. 20 1.13 1. 31 1.43 1. 27 1.60 0 . 98 l. 25 1.41 1.37 l. 32 

0 . 53 0 . 76 0 . 83 1.14 0.82 0.57 0 . 88 0.68 1.11 1.10 0.87 

3 0.96 1.13 1.07 l. 17 1.08 1.06 1. 17 0 . 98 1.08 l.ll 1.08 

4 0 . 57 o. 71 1.03 0 . 63 0 . 74 0 . 52 0 . 70 0 . 88 0 . 56 l. 31 0.80 

Ave . 0 . 81 0.93 1. 06 1. 09 0 . 98 0.93 0 . 93 0 . 95 1.04 1. 22 1.02 
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The main effect of irr i gation and second order interaction of 

year x nitrogen fertilization x harvest was nonsignificant und e r C- 1 

and significant at . 05 level under C-2 . The other first order, second 

order and third order interactions were nonsignificant under both C-1 

and C-2 clippings . 

The calcium percentage as influenced by year x irrigation x 

nitrogen fertilization x harvest is presented in appendix Table 71 

and 72 fo r C-1 and C-2, respectively. These tables show how the dis­

tribution of calcium percentage was spread throughout the four seasons 

unde r the different treatme nt combinations . 

Influence of Treatments on the Copper 

Content of Grass Pasture Mixture 

The data for the copper content of orc hardgrass-bromegras s pasture 

mixture were analyzed separately under C-1 and C-2, clipping frequencies. 

The analyses of variance for the C-1 and C- 2 treatments are given in 

appendix Tables 55 and 56 for C-1 and C-2, respectively. 

The analyses of variance show that the "F" values for main effects, 

v iz . years, and harves ts and the firs t ord e r interaction, viz . year x 

harvest we re highly signi f icant unde r both C-1 and C- 2. The oth er main 

effects , the first order interactions, second order interact i ons and 

third order interaction were nonsignificant under both c lipping f r e­

quencies . 

Response to year s 

The copper content of the grass pasture mixture under both C- 1 

and C- 2 is given in Table 30. The data show that the copper content 



Table 30. Effect of year on average copper content for C- 1 and 
C-2 clipping frequencies 

Parts pe r mi llion 
Yea r C- 1 C- 2 

1961 10 . 4 12 . 2 

1962 7.9 7.4 

1963 7.2 7 . 8 

1964 5.6 6 . 0 

Average 7.8 8.4 

LSD: 5% - 0.981 1.064 
1% - l. 37 1.492 
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Average 

11.3 

7.6 

7. 5 

5.2 
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decreased as the grass forage stand became old . The difference be tween 

1961 and 1962 we r e the biggest as compared to t he differences be tween 

other years. However, the diffe r ences between 19 6L a nd 1963 were non­

signif icant. The l owes t copper contents we r e obtained for 1964, fo r 

both C-1 and C-2. The overa ll copper contents were higher for C-2 

t han C-1 showing the influenc e of s horter intervals between harvest s. 

Effect of different harves ts 

on cop per con t ent 

The copper conten t as influe nced by the different harves ts is 

presented in Table 31 and graphed in Figure 32. Figure 32 shows that 

the copper content decreased for H-2 and shraply increased for H-3 and 

H- 4 for both C-1 and C-2 . There was a sharp rise in copper content for 

H-4 over H-2 and H-3 under both clippings. H-5 dropped s lightly under 

C-2. There was no appreciab l e di fference in copper con t ent be tween C- 1 

and C-2. This might suggest that there was no influence of the shorter 

intervals between harvests on the copper content of th e grass forage. 

Loper and Smith (1961) indicated that the parts per million of micro 

e lements general l y decreas ed quite rapidly during successive stages of 

growth und e r Wisconsin conditions. 

Effect of int eraction of year x 

harvest on copper content 

The inf luence of this interact ion on copper cont ent of grass 

pasture mixture within the C-1 and C-2 cl i pping frequencies is shown 

in Table 32 and graphed in Figures 33 and 34. These figures show that 

the copper content for H-1 decreased sharply in the second and fourth 

year . Whereas, it was quite high for the first and third years. This 
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Table 31. Effect of di fferent harvests on the copper content fo r 
C-1 and C- 2 c lipping frequencies 

Harves ts 

3 

4 

5 

Average 

LSD: 5% - 0 .28 
1% - 0.37 

C-1 

7.9 

6 . 5 

7.2 

10.1 

7.9 

Parts per million 

5% - 0 . 3 
1% - 0.4 

Table 32 . Average copper conten t per year as influenced by harvest 
fo r C-1 and C-2 clipping frequenc ies 

Part s :eer million 
C-1 C-2 

Year H-1 H-2 H- 3 H-4 Ave. H-1 H-2 H-3 H- 4 H-5 

12.1 7.3 8 . 4 13 . 7 10 .4 12 .I 6 . 7 9.7 16 . 3 15.9 

2 4.9 6.4 6.4 13.8 7.9 4.5 6.0 5.8 12.8 7.8 

3 10 .5 6.9 7.0 6.5 7 . 7 9.9 7.2 7.3 6.6 7.9 

4 4.0 5.1 6.9 6 .3 5 . 6 4.1 5.5 6.5 6.6 7. 1 

Ave. 7 .9 6.4 7 .2 10.1 7.9 7.7 6 .4 7.3 10.6 9 . 7 

C-2 

7. 7 

6 . 4 

7.3 

10.6 

9.7 

8 . 3 

Ave. 

12 . 1 

7 .4 

7.8 

6.0 

8.3 
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trend was th e same for both C- 1 and C- 2. H-2 "as similar to H-l f or 

both frequencies, except the decrease fo r the second and fourth years 

was not so sharp as that fo r H-1. H-3 dr opped slightly the second 

year but incr eased gradually the third and f ourth years under C- 1, 

whereas it behaved similar t o H-1 and H- 2 with l ess r eductio n the fourth 

year under C- 2 . H-4 maintained the copper content the f irst and second 

years and dropped ver y sharp ly the third year under C-1. There was a 

progressive reduction the first three years in H-4 in C-2 . H-3 for 

C-2 was similar to H- 2 . H-4 for C- 1 and H-4 and H-5 for C-2 gave 

higher copper contents than other harvests for all years excep t the 

third year. Adam et al. (1956), Ric eman and Jones (1957) wo rking on 

forages in relat ion to matur ity in a given season showed that copper 

concentration in forage u s ually decreases with advancing matttrity. 

Thomas e t al. (1952) and Reid e t al . (1957) fou nd insignificant changes 

in copper in some grasses like tall fescue with advance in maturity . 

Beeson and MacDonald (1951) als o fo und similar r esults in some l egumes. 

Loper and Smith (1961) r e ported a marked decrease in copper content 

with maturity in br omegrass, under Wi sconsin conditions. 

The main effects of irrigation and nitrogen fertilization, the 

other first order, second order and third order interactions were 

nonsignificant under C-1 and C-2 . 

The copper content as in fluenced by the highl y complex interaction, 

viz. year x irrigation x nitrogen fertilization x harvest is presented 

in appendix Tables 73 and 74 for C-1 and C-2, r espective l y. These give 

the copper content of the forage for the four seasons under different 

treatment combinations. 
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Influence o f Treatments on Iron Content 

of Gras s Pastur e Mixture 

The data fo r iron co ntent o f orchardgrass -bromegras s pas ture were 

analyzed separatel y with in the C-1 and C-2 frequencies . The analyses 

of varianc e fo r the C- 1 and C-2 treatments are given in the appendix 

Tables 57 and 58, r es pectively . 

The anal yse s of variance show that the "F" values for main effects, 

viz . years, and harves t s were highly signi f icant within both the C-1 and 

C-2 frequencies . The main effec t of irrigations was nonsignificant under 

C- 1 and significant at .05 l evel under C-2. The r ever se was true for the 

nitrogen f ertilizations . It was significant at . 01 l evel under C-1 and 

nonsignificant under C- 2 . The 11 F" va lues of some f irs t order and second 

order interactions wer e s i gnificant or highly significant wi thin both 

C-1 and C- 2. 

Response to y ear s 

The iron content of grass pasture mixture within the C- 1 and C- 2 

fre quencies is presented in Table 33. The 11 F11 va lue of thi s main effect 

was high ly s i gni f i cant under both c lippings . The di ffe r ences in iron 

content be tween 1961 and 1962, and 1963 and 19 64 were highl y significant. 

On the contrary, the di fference between 1962 and 1963 or 1962 and 1964 

were nonsigni f icant f or both C-1 and C-2 . The iron content was highest 

in 1961, am ounting t o 154 and 174 parts pe r mi llion for both C-1 and C-2. 

The iron content decr eased rapidl y a s the stand of grass pasture mixture 

became old , giving the lowest amount of iron for 1964 . This was true 

for both C- 1 and C-2 . In general, the re was not a very large difference 

in iron content between the C-1 and C-2 freq uencies except fo r 1961. 



Ta bl e 33. Effect of year on average i r on content fo r C-1 and C-2 
clipping f r equenc i es 

Parts 2e r million 
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Year C- 1 C-2 Ave rage 

1961 154 174 164 

1962 116 113 114 

1963 107 105 106 

1964 96 97 96 .5 

Average 118 122 

LSD: 5% - 17.93 15 . 25 
1% - 25 . 12 29 .93 
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Effect of nitrogen fertiliza tion 

on iron content 

The influence of nitrogen fertil ization on iron content of grass 

forage with in the C-1 and C-2 clipping frequencies is shown in Table 

34. The results are gra phed in Figure 35. It will be seen from this 

fig ure that there was a continuous drop in iron content as the nitroge n 

fer til ization l eve ls were increased, for C-1. The lowest amount of 

iron content was obtained for F-4 (200 pounds of nitrogen per season) 

amount i ng to 103 ppm . For C-2, the trend was not consistent. F-1 

and F-3 had a low iron content compared to F-2 and F- 4 under C-2 . 

There was a large difference in iron content between C-1 and C-2 at 

F-1 , F- 3 and F-4 levels, whereas at F-2 the iron cont en t was almost the 

same. In general, the iron content was higher for C-2 than C-1, except 

for no fer ti lizer treatment, (F- 1) . This may be due to the shorter 

intervals between harvests for the C-2 frequency. 

Reid et al . (1967) revealed that analysis fo r iron did not show 

any def inite trend associated with nitrogen ferti li zation. 

Effect of diffe r en t harves t s 

on the iron con t ent 

The iron content as influenced by different harves t s is presented 

in Tab l e 35 and graphed in Figure 36 . It will be seen from Fi gur e 36 

that the iron content increased in a linear manner from the f irst to 

the fourth harvest under C- 1 . Whereas, there was a sligh t drop for 

H-3 and H-4 and a sharp increase again fo r H- 5 for C- 2. The highest 

amounts of iron were ob tained for H-4 and H-5 under C-1 and C- 2 

respectively . However, C-2 showed a similar trend t o C-1 . One interes t-



Table 34. Effect of nitrogen fertilization on average iron content 
for C-1 and C-2 clipping frequencies 

Parts ~e r million 
Ferti lizat ion C-1 

F-1 132 

F-2 126 

F-3 105 

F-4 103 

Ave. 118 
(120) 

LSD: 5% - 10.38 5% - 16.0 
1% - 13 . 84 1% - 21.0 

Table 35. Effect of diffe rent harves ts on the iron content for C-1 
and C-2 c l ipping frequencies 

Parts Eer million 
Harvests C-1 C-2 

88 85 

2 109 118 

3 128 112 

4 148 117 

5 179 

Average 118 122 

LSD: 5% - 10.43 5% - 15.0 
1% - 13.47 l% - 19.0 
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129 

115 

121 

122 



" 0 ..... 
..... ..... ..... 
e 
.... 
"' c. 

"' .... .... 
"' 0.. 

140 

130 

120 

110 

100 
F-1 F - 2 

' ' ' ' 

Legend: 

C- 1 

C-2 · ------- · 

-----
F- 3 F-4 

" 0 . .... 
..... ..... . .... 
e 
.... 

" 0.. 

Figure 35 . Average iron content of grass forage 
as influenced by nitrogen ferti liza­
tion for the C- 1 and C- 2 clipping 
frequencies. 

180 

170 

160 

150 

140 

130 

120 

110 

100 

90 

80 

Legend: 
C- 1 

· -------· C-2 

/" 
r / " __ / ' 

/ / ----.-------

/ " 
' I 

! 

H- 1 H-2 H-3 H-4 

I 
I 

I 

I 

I 

I 

I 

I 
I 

I 
I 

I 
I 

I 

I 

I 

I 

H-5 

Figure 36. Average iron con t ent per harvest of forage f or 
the C-1 and C- 2 clipping fr equencies. 

.... 
0 
N 



103 

ing thing to note is that the differences between any t wo harves ts for 

C-1 were highly significant whereas they were nonsignificant between 

H- 2 and H-3 and H-3 and H-4, for C-2. Thomas e t al. (1952) observed 

decreases in iron concentration during s uccessive young stages of gr owth. 

Iron concent ration in th eir studies dropped from 30 to 50 percent during 

the ve ry young stages of alfalfa, alsike clover, black medic, and 

sainfoin with no significant changes the r eaf t er. Loper and Smith 

(1961) concluded that accumulation of iron in pounds per acre increased 

in nearly all species f rom earl y growth until the fifth or sixth (final) 

growth sta ges. 

Effect of interaction of year x 

harvest on iron content 

The iron conte nt as influenced by the interaction of year x harvest 

is given in Table 36 . The resul t s are presented in Figures 37 and 38 . 

These f igures show that the iron conten t for H-1 decreased the s econd 

year and maintained about the same level the third and fourth years, 

under C-1, whereas, the trend was genera lly downward under C- 2 . H-2 

was similar to H-1 fo r C-1 and C- 2, except that the iron content was 

higher than H- 1. H- 3 and H-4 gradually decreased for all years under 

both c lippings. H-5 decreased sharply for intermediate years but 

increased the fourth year, under C-2. The overall iron content for 

H-5 was higher than the o ther treatments. No s pecific literature 

showing the influence of the age of s tand of pasture forages on the 

content of different minerals in the forage plants is available . 

However, some work has been done on the maturity of forages in a 

given season. Moxon et al. (1951) found wid e variati ons in iron 
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Table 36 . Ave rage iron c ontent pe r year as inf luenced by harvest 
f or C-1 and C-2 clipping frequencies 

Parts er million 
C-1 C-2 

Year H-1 H- 2 H-3 H-4 Ave. H-1 H-2 H-3 H-4 H-5 Ave. 

123 134 144 21 5 154 110 162 159 157 283 174 

75 89 136 163 116 76 117 93 127 151 113 

3 74 101 124 127 107 96 86 100 114 126 104 

4 77 111 102 87 96 58 108 97 70 155 98 

Ave . 87 109 128 148 118 85 118 112 117 179 122 
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concentration at var i ous stages of growt h in western whea t grass, although 

bluegrama grass increased in iron concentratlon from the shooting stage 

to maturit y. Kirchgessner (1957) r eported no s i gni fic ant ef f ec t of 

stage of maturit y on iron concentration of meadow hay species in Ge rmany . 

Beeson and MacDonald (1951) found that th e parts per million of iron in 

alfalfa, birdsfoot tr efo il, ladino c l ove r and timothy increased as 

the plants matured with most of the increase in the leaves. In contrast, 

Thomas et al. (1952) observed a decreas e in iron concentration during 

successive young s tages of grow th. 

The main effect of irrigations and the first order interaction of 

irrigation x harvest were nonsignificant under C-1 and significan t at 

.05 level under C-2. On the contrar y, the first order interaction of 

nitrogen fertilization x harves t and the second order interaction for 

yea r x irrigation x harvest we r e significant at . 05 l eve l under C-l and 

at .01 l eve l under C-2, res pec tively . 

The o th e r first order, second order and third order int eractions 

were nonsignificant under both the clippings . 

The iron content a s influenced by most comp l ex inte raction, viz. year 

x irr igation x nitrogen fertilization x harvest are presented in appendix 

Tables 75 and 76, for C- l and C-2, r espectively . Thes e tables give the iron 

content for the four seasons under diffe rent treatment combinations. 

Influence of Treatments on Manganese 

Content of Grass Pasture Mixture 

The data for the manganese cont ent of the orchardgrass-bromegrass 

pasture mixture were analyzed separately under C- l and C-2 c lipping 

frequenci es. The analyses of variance for the C- l and C-2 treatments 
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are given in appendix Tables 59 and 60, respectively. 

The analyses of variance show that the "F" values for main effects, 

viz. years, nitrogen fertilizations and harvests were highly significant 

within the C-1 and C- 2 freq uencies. Some of th e first order interactions 

and second order interactions were significant to highly significant. 

Response to years 

The manganese content of grass pasture mixture as influenced by the 

main effect of hears is presented in Table 37 . The "F" value of this 

effec t was highly significant under both c lipping frequencies. Tabl e 37 

shows that the manganese content decreased as the stand of the grass 

pas ture became old. This trend was similar for both C-1 and C-2. The 

highest manganese content i.e. 125 and 122 parts per million for the 

year 1961 and the l owest i.e . 50 and 39 parts per million for the year 

1964 were obtained for the C-1 and C-2 frequencies, respectively . The 

intermedia t e years did not show any particular trend. The third year 

however, showed an increase by 18, and 10 parts per million over the 

second year for C-1 and C-2, respectively. 

Effect of nitrogen fertilization 

on manganese content 

The manganese content of the grass pasture mixture as influenced 

by this main effect is presented in Table 38. The results are graphed 

in Figure 39. It will be seen from this figure that the manganese 

content gradually decreased as the nitrogen fertilization increased . 

This trend was similar for both C-1 and C-2 . The lowest manganese 

content was obtained for F-4 (200 pounds of nitrogen per season) , The 

amounts were 76 and 79 parts per million for C-1 and C- 2, respectively. 



Table 37. Ef fect of year on avera ge manganese cont ent f or C-1 
and C-2 c lipping fr eq uencie s 

Parts per million 
Year C-1 C-2 

1961 125 122 

1962 81 84 

1963 99 94 

1964 50 39 

Ave . 89 85 

LSD: 5% - 10.74 5% - 8.0 
17. - 15.06 17. - 11.0 

~08 

Ave. 

123.5 

82.5 

96.5 

44.5 

Table 38. Effect of nitrogen fertilization on average ma nganese content 
for C-1 and C-2 clipping frequencies 

Fertilization 

F-1 

F-2 

F-3 

F-4 

Average 

LSD: 5% - 10.94 
1% - 14 .60 

C- 1 

102 

92 

85 

76 

89 

Parts per mill ion 

5% - 6.5 
1% - 8 . 6 

C-2 

92 

87 

83 

79 

85 
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On the other hand the highest manganese content was obtained for the 

first year. The amounts were 102 and 92 parts per million for C-1 and 

C-2, respectively . There was no marked difference for manganese content 

be tween C- 1 and C-2 at any fertilizer level . Reid et al . (1959) found 

similar results. 

Effect of different harves ts 

on manganese content 

The influence of this main effect on the manganese content is shown 

in Table 39 and graphed in Figure 40 . It will be seen from this figure 

that the manganese content increased sharply for the first three harvests 

and decreased with almost the same sharpness for H-4 for both C-1 and 

C-2 . H-3, however, had a gradual increase over H-2 for both clippings. 

The l owes t manganese content was obtained for H-4 for both C-1 and C-2 . 

The amounts were 55 and 84 parts per million, respectively. H-5 for C-2 

s howed a slight increas e over H-4. The highest manganese content was 

obtained for H-3 for both C-1 and C-2. They were 113 and 104 parts per 

million , respectively. The dates of third harvest (H-3) wer e August 2 

and 3 for C-1 and July 18 and 19 for C-2 . Moxon et al. (1951) and Loper 

and Smith (1961) while working with forage maturity and its influence 

on mineral assimilation, found that manganese in bromegrass decreased to 

about heading stage and then increased. They also indicated that brorne­

grass contained the largest manganese content in the l eafblades . 

Effect of an interact i on of nitrogen fertiliza­

tion x harvest on manganese content 

The influence of the interaction is shown in Table 40. The results 

are gra phed in Figures 41 and 42. These f igures show that manganese 
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Table 39. Effect o f dif fe r ent harves t s on the manganese content for 
C-1 and C-2 clipping fr equ enc i es 

Harvests 

3 

4 

5 

Average 

LSD : 5% - 9.35 
l% - 12.29 

C-1 

52 

104 

113 

55 

81 

Parts per mil lion 

5% - 6 . 1 
l % - 8.0 

Table 40 . Average manganese content per harvest as influenced by 

C-2 

50 

94 

104 

84 

91 

85 

nitrogen fertilization f or C-l and C- 2 cli pping f r equencies 

Parts 2er million 
C- l C-2 

Harvest F- l F-2 F-3 F-4 Ave . F- l F- 2 F-3 F-4 Ave . 

57 55 49 L~ 7 52 50 48 5l 50 50 

2 136 110 84 87 104 112 96 84 84 94 

123 118 113 98 113 118 102 97 99 104 

4 91 84 94 72 85 87 87 89 74 84 

5 90 95 94 87 92 

Average 102 92 85 76 89 9l 86 83 79 85 
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content dec reased as th e nitr ogen f e rtilize r l eve l inc reased . F-1 

increased s harply tor H-2 and gradual ] y decrease.d tor H-3 and H-4 

under C-1 . Wheras, it gradually increased tor t he first three harve s ts 

and dec r eased for H- 4 and H- 5 under C-2 . F-2 showed a similar trend 

t o F-1 for both C- 1 and C-2 . F- 3 showed a s t ee p incr ease the first 

three harves ts and decreased for H-4 and in C-1 . Although the trend 

of F-3 fo r C-2 was similar t o C- 1, the inc r ease fo r the firs t three 

harvests was not as steep as it was within C- 1. F-4 also showed a 

gradual increase for the fi rst three ha rvests and sharp decrease for 

the H-4 under bot h C-1 and C-2. The manganese content at H-5 was 

larger than at H-4 for all fe rtili zer l eve ls under C-2. Manganese 

conten ts for all fertilizer leve ls were higher at H-2 than other 

I j l , 

harvests. For H-4 the mangane se con t ent was depre ssed at all fertilizer 

l eve ls for both C-1 and C-2. F-l (no f ertilizer) had higher manganese 

percentages than ot he r fe rt ilize r l eve l s t or all harves t s. Reid e t al. 

(1967) r epor t ed that the content o f manganese and othe r minor e l ement s 

did not show any definite association e ither with fertilization or with 

stage of maturit y of t al l fescue. Loper and Smith (1961) noted a general 

decline in the l evel ot manganese with advanced s tages of growth of forages. 

Effect of an interaction of year 

x harve st on manganese content 

The influence of this interaction on manganese content is shown in 

Table 41. The results ar e graphe d in Figures 43 and 44 fo r C- 1 and 

C-2, respectively. It will be seen from these figures that the manganese 

contents for H-1 for C-1 and C-2 gradually increased for the first three 

years and dropped sharply the fourth year . The manganese content wa s 
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Table 41. Average manganese content per year as influenced by harvest 
for C-1 and C-2 clipping f requencies 

Parts 2er million 
C-1 C- 2 

Yea r H-1 H- 2 H-3 H-4 Ave. H-1 H-2 H- 3 H- 4 H- 5 Ave . 

51 162 128 160 125 43 163 122 155 126 122 

55 78 122 68 81 60 62 104 72 120 84 

75 102 144 73 99 75 102 146 72 76 94 

4 26 75 57 40 50 21 50 44 49 42 41 

Ave. 52 104 113 85 89 50 94 104 87 91 85 
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high fo r H-2 for 1961, and dropped sharp l y fo r 1962, showed a sl ight 

increase for 1963 and f inall y decreased for 1964. H-3 and H- 4 for C-1 

and H-3 and H-5 for C- 2 gave similar trend s a t H-1 and H-2 for both 

C-1 and C-2 . The manganese cont ent was high in 1961 and 1963 fo r a ll 

harvests under both freque nc ie s. Williams and Moore (1952) found that 

the manganese con t en t in Algerian oats depend ed on soil pH. It was h igher 

in alkaline so il s and increased with the age of grasses especially 

during early gr owth . Kirchges sner ( 1957) reported no definite trend 

in manganese concentration with the maturity in meadow grass hays and 

go lden oatgrass. 

The first order int era c t .~on f or irrigation x harves t was non ­

significant for C-1 and sign ificant at .05 level for C-2. Similarly, 

the second ord e r interaction f or year x nitrogen fertilization x harvest 

was non significant for C-1 and highly significant fo r C-2. 

The main effec t of irrigations , the o ther first o rder, second order 

and third ord e r i nte ract i ons were nonsignificant under both the C-1 

and C-2 frequenc ies . 

The third ord e r intera c tion, viz. year x irrigation x nitrogen 

fertiliza tion x harvest was a lso nonsignificant under both C-1 and 

C-2. The in f luence of th is int erac tion is presented in appendix Tables 

77 and 78 for C-1 and C-2. 

In f luenc e of Treatments on Zinc Content 

of Grass Pasture Mixtur e 

The data for zinc content of the orchardgrass - bromegrass pasture 

mixture were analyzed separate ly wi thin the C-1 and C-2 fr equencies. 

The ana l yses of variance fo r C- 1 and C- 2 treatments are given in 
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appendix Tables 61 and 62, respectively. 

The analyses of variance show that the "F" values for main effects 

of years and harvests were highly significant wi thin the C-l and C-2 

frequencies . The nitrogen fertilization effec t was nonsignificant 

under the C- l and s i gnificant at .05 level under C-2. The "F" values 

of some of the first order and second order inte ractions were s ign ifi ­

cant within both C-l and C-2. 

Response t o years 

The zinc content of grass pa s ture under the C- 1 and C-2 f r equencies 

is g iven in Table 42 . The "F" value of this main effect was highly 

s i gni f icant. It wil l be seen from Ta ble 42 that the z inc conten t in 

1962 was a bout half of what it was in 1961. This l ower level persisted 

fo r 1963 and 1964, and was true for both C- l and C- 2. The highest 

zinc con t ent was obtained for t he i nitial year of the stand of the 

grass, i.e. 1961. The amounts were 27 .0 and 32. 7 parts per million 

f or C- 1 and C- 2, r es pec tive l y. I f the sligh t increase fo r 1963 over 

1962 was neglected, one can visuali ze that the re was a gradual drop 

in zinc content in pasture pl ant s as their s tand became o ld. 

Effec t of differ en t harves t s on 

z inc cont ent 

The zinc content of grass pasture mixture as influenced by dif­

fe r ent harvests is present ed in Table 43 . The r esul t s are graphed in 

Fi gure 45. I t will be seen from Figure 45 that the zinc conten t dropped 

sharply the second harves t . Ther e was a slight increase the third 

harves t over the second harvest. At H-4 ther e was a marked increase 

in zinc content for both C-l and C- 2. H-5 fo r C-2 dropped sharply 



Table 42 . Effect of year on ave r age zinc con t ent for C-1 and C- 2 
clipping frequencies 

Parts Ee r million 
Year C-1 C-2 

1961 27.0 32 . 7 

1962 16 .0 16.5 

1963 21.4 22 . 4 

1964 16.9 17.5 

Ave . 20 . 3 22.3 

LSD: 5% - 2 . 00 1.636 
1% - 2.81 2.294 

119· 

Ave . 

29 . 85 

16.25 

21.90 

17 .20 

Table 43. Ef fect of differ en t har vests on the z inc con t ent f or C- 1 
and C-2 clipping freq uenc i es 

Harvests 

3 

4 

5 

Average 

LSD : 5% - 1.40 
1% - 1.84 

C- 1 

21.4 

18.7 

19.1 

22. 3 

20 . 30 

Parts per mil l ion 
C- 2 

26.6 

19. 8 

20.4 

24.1 

20. 4 

22 . 26 

1. 55 
2.04 
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again giving a zinc content equal t o H- 3. For H-2 and H-3 th e d i ff e r ence 

in zinc content was smal l er than the differe nce bet\veen H-l and H-2 or 

H-3 and H-4. This trend was similar f or bo th C-1 and C-2 . Th e highest 

zinc conten t for C-2 was obtained f or H-1 which was 26.6 parts per 

million. Loper and Smith (1961) showed that the most rapid decrease 

in zinc content came in the youngest stage of growth of forages . 

Riceman and Jones (1957) grew subterranean c lover in nutrient solu -

tions containing various concentrations of zinc. In treatments where 

zinc deficiency symp t oms did not develop, zi nc co ncentration in c reased at 

firs t, then dropped sharply. Plants that developed early zinc defici­

e ncies decreased in zinc t o minimum of 12.5 t o 8.1 parts per million . 

On the contrary, Kirchgessner (1957) fo und that zinc in golden oa tgra ss 

was not affected by plant development. 

Effect of interaction year x harves t 

on zinc conte nt 

The zinc content as influe nced by year x harvest is gi ven in Table 

44. The results are presented in Figures 46 and 47 for C-1 and C-2, 

respectively. These figures indicate that the zinc content for H-1 

unde r C-l and C-2 decreased ver y sharpl y for 1962, increased with the 

same sharpness for 1963 and dr opped in 1964 . H- 2 and H-3 were similar 

t o H-1 fo r both C-1 and C-2, except that the increase for 1963 was 

gradual . H-4 showed a gradual decrease the first three years and a 

slight increase the fourth year, i . e . 1964. This trend was similar t o 

both f r equencies. H-5 fo r C-2 was s imilar to H-2. 

The main effect of nitrogen fertilizations, the first o rder inter­

actions of year x nitrogen fertilization , irrigation x harves t, and 
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Table 44. Average zinc content per year as influenced by harvest for 
C- 1 and C-2 clipping frequencies 

Parts 2er million 
C- 1 C-2 

Year H-1 H-2 H-3 H-4 Ave. H-1 H- 2 H- 3 H-4 H-5 Ave. 

23.6 27 .2 25.4 32.0 27 .1 42 . 8 28.9 28.3 35 . 9 27.4 32.7 

11.9 16.0 16 .0 20.3 16 . 1 12 .0 14 .7 16 .5 21.2 18.3 16 .5 

3 33 . 9 15 . 7 18. 5 17 . 7 21.5 46.0 18.9 20.9 18.0 18 .1 24 . 4 

4 16.0 15 . 9 16.3 19.4 16.9 15 .7 16.8 16. 0 21.4 17 . 9 17 . 6 

Ave. 21.4 18.7 19.1 22 . 4 20.4 29.1 19.8 20.4 24.1 20.4 22.8 
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nitrogen fertilization x harves t; the second order interactions for 

year x irrigation x harves t and year x nitrogen fertilization x harvest 

were nonsign·ificant under the C-1 and highly significant under the C-2 

frequency . On the contrary, the second order interaction for irrigation 

x nitrogen fertilization x harves t was highly significant under th e C-1 

and nonsignificant und er the C-2 fre que ncy. The thi rd order and most 

complex interaction was highly significant under the C- 1 and signi fi ­

cant at .05 level under the C-2 frequency. 

The irrigation as a main effect, the ot her fi~st order, second 

order interactions were nonsignificant under both clipping f requencies. 

The zinc content as influenced by the third order interaction for 

year x irrigat i on x nitrogen fertilization x harvest are presented in 

appendix Tables 79 and 80 for C-1 and C-2, respectively. 



SUMMARY AND CONCLUSIONS 

The field experiment was conducted at the Greenville Experimental 

Farm in North Logan, Utah , from 1961 to 1964. The soi l is a Millville 

si lt loam that occurs on an alluvial fan, well drained, and has about 

percent surface slope . The soil is high in potash and phosphorus, 

and is alkaline having a pH of 7 .9 to 8.2. 

The study was conducted to evaluate the influence of two clipping 

frequencies, four nitrogen fertilization levels, and fou r irrigation 

intervals on the forage yield and forage quality shown through the 

content of nitrogen, phosphorus, potassium , ca l cium, copper, iron, 

manganese, and zinc in the forage of an orchardgrass - bromegrass past ure 

mixture . 

On the basis of the results ob tained, the following conclusions 

were drawn. 

Only a small difference was noted between the amount of forage 

produced by the grass mixture when harves ted four times (C-1) as com­

pared to five times (C-2). The tendency, however , was toward higher 

yields with the fewer harvests (C-1). This was especially true on 

plots receiv ing the higher rates of nitrogen ferti l ization, and 

frequent irrigations. 

Ni trogen, phosphorus, calcium, copper , iron and zinc content was 

higher with five harvests (C-2). On the contrary, potassium and 

manganese content was higher with four harvests (C-1). 

Yields of forage increased as available soil moisture increased, 

producing the highest yields for short intervals of irrigation (I-4). 
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The second highest yields were obtain ed for the medium shor t intervals 

of irriga t ion (I-3) . 

In general, nitrogen, copper, iron, and zinc content decreased 

with increasing soil moisture. There was a s li ght increase of phos ­

phorus, cal cium, and manganese content with increasing th e soi l mois t ure. 

On the o the r hand, there was a var iabl e effect of increas ing so il mois ­

ture on potass ium percentage . 

Nit r ogen fertilization increased the dry matter yield of forage 

signi fic an tly. Two hundred pounds of nitrogen per acre {F-4) gave 

the highest yi elds of dry matter. 

Percentage nitr ogen decreased a s nitrogen fertilizat i on increased 

up to 100 pounds per acre (F-3) but s lightl y increased with 200 pounds 

per acre {F-4). There appeared to be no consistent trend of increasing 

nitrogen fertilizat i on on phosphorus, potassium, and copper conten t. 

Zinc content slightly increased with the increase of nitrogen fer tili­

zation. On the contrar y , ca lcium, i ron and manganese cont ent s howed 

a decre ase with increase in nitr ogen l evel. 

The dr y matter yield decreas ed as the age of stand of fo rage in­

creased. However, a sma ll difference was no ted be t ween the amount of 

fo rage produced fo r different years. 

Percentage nitrogen and phosphoru s incre ased with th e incr easing 

age of s tand . Copper, i ron and manganese cont en t decrease d with th e 

increa sed age of s tand o f for age. Po tassium, calcium, and z inc content 

s howed a general decrease with the increasing age of forage, but th er e 

was a f luctuat ing tendency in their content for di ffe rent years. 
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Appendix A 

Working Principle of Atomic 

Absorption Spectr o photomete r 

138 

The phenomenon of light absorption by chemical elements ha s be e n 

l ong recogni zed . As soon as astronomers examined the spec trum of l ight 

from the sun and o the r planets, they no ted the distinct absence of 

ce rtain light frequencies. 

This indicates certain e l ements present ab so rbed l ight as the se 

wave lengths. The method is st ill useful in today ' s space age. 

The us e of atomic abso rption as an analytical tool was developed 

by Dr. A. Wal sh of Commonwea lth Scientifica and Industrial Research 

Organization (CSIRO) jus t ten years ago. Its application to biological 

material analys i s was f irst made by J . F. Al lan of the Department of 

Agric ul ture, Rukuh ia Research Station, Hamilton, New Zealand, and 

D. J. David of CSIRO, Austrailia i n 1958. Instrume nts for s uch analyse s 

have been available onl y during the past three t o fo ur years. 

The atmoic absorption s pec trophot ome t e r is designed to me asure the 

amo unt of light absorbed by a g i ven chemical e l ement . Because each 

e l ement has absorption bands sepa ra t e and dis tinct from all other 

c hemical elements, this technique is a va luable t oo l f or analyzing un­

known samples . 

Normall y a t est sample is disso l ved and the solution is atomized 

in t o a f lame . A light source of the c harac t e ristic wave l ength of 

e l ement being examined is direc t ed through the flame. 

The li gh t that i s not absorbed i s measur ed by a pho t oelec tric 

c e ll . For exampl e , i f zinc were being dete rmined, the light source 



would be heated cathode made of zinc. In this way, only the light 

characteristic of the e l ement zinc would be emitted . 
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As this light passes through the fl ame, it can be absorbed only 

by zinc atoms. The greater the number of zinc atoms placed in the light 

path, the gr eater the absorption of ligh t and the smaller will be the 

light recovered by the photoelectric cel l . 

Atomic absorption depends upon the absorption of light by an 

element in the "ground 11 state . That is , the e l ement need not be 

excited to a higher energy level. 

Flame photometry, an older system of chemical analysis, depends 

upon the emission of light by excited atoms that are heated t o high 

t emperatures. 

In emission, flame photometry, interference i s common because 

other elements in the sample may also become excited and emit light 

that is very c l ose in wave l ength to the light of the e l ement being 

tested. Also, only a small fraction of the light of the sample be­

comes sufficiently excited to emit light. Thus, atomic absorption is 

much more accurate and sensitive in most cases than flame photometry, 

and is much more free of interference. 
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Appe nd ix B 

Table 45 . Ana l ysis o f variance fo r dry matte r yield within the C- 1 
clipping fr equency, (1961-1964) 

So ur ce DF ss MS 'F ' value s 

Yea r s 3 .336623 . 112208 4 .1 696* 
Re plications 1 .000488 .000488 . 01814 
Years x Reps 3 .043479 .014493 . 5385 
Irrigation 3 1.999935 . 666645 24. 77 26>'* 
Years x I rr 9 .860479 . 095608 3 . 5528* 
Error (A) 12 .322927 .026910 
Fertilizers 3 35.04978 11.68326 576.3500** 
Irr x Fert 9 . 359011 .039890 l. 9678 
Year x Fert 9 . 394136 . 043792 2 .16031< 
Ye ar x Irr x Fe rt 27 . 427532 . 015834 . 7811 
Error (B) 48 . 973006 .020270 
Harve sts 3 31,44761 10.48254 608. 21001ck 
Irr x Harvest 9 .147729 0.16414 . 9523 
Fe rt x Harvest 9 11 . 4283 1 1.269812 73. 6760** 
Irr x Fert x Harv 27 . 398175 . 014747 .8556 
Ye ar x Harve st 9 32.71742 3.635269 210 . 9240** 
Year x Irr x Harv 27 1 . 026495 .038018 2. 2052** 
Year x Fert x Harv 27 1.459119 .054414 3 . 1355>1->> 
Ye ar x Irr x Fert x Harv 81 l. 013406 . 012511 . 7259 
Error (C) 192 3.309100 .017235 
Total 511 94.267090 .184475 

*Significant at 5%. 
**Significant at 1%. 
NSNon-significant . 
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Ta ble 46 . Analys i s of variance for dry matt e r yields within the C-2 
clipping fr equenc y , (1961-1964) 

Source DF ss MS 'F' value s 

Year s 3 .5515000 . 1838333 6 . 654** 
Replications 1 .0104000 . 0104000 .376 
Years x Reps 3 .1243900 .0414633 l. 501 
Irrigations 3 l. 313370 .4377900 15.847** 
Years x Irr 9 .3039900 .0337766 l. 223 
Error (A) 12 .3315200 .0276266 
Fertilizers 3 19.56223 6.520743 401. 73*'' 
Irr x Fert 9 .3635200 . 0403911 2.488* 
Year x Fert 9 . 4973000 .0552555 3.404** 
Ye ar x Irr x Fert 27 . 4176600 .0154688 NS 
Error (B) 48 . 7791100 .0162314 
Harvests 4 35.02672 8.756680 576 .974** 
Irr x Ha rves t 12 .18 76800 .0156400 NS 
Fert x Harvest 12 9 . 071230 . 7559358 49 . 808** 
Irr x Fert x Harv 36 . 4655900 .0129330 NS 
Year x Harvest 12 43.79243 3.64926 240 . 488>'* 
Year x Irr x Harv 36 1.134070 . 03150194 2.076** 
Year x Fert x Harv 36 2.008000 . 0557777 3.675** 
Year x Irr x Fe rt x Harv 108 2.116550 .0195976 l. 291 
Error (C) 256 3 . 285280 . 01517688 
Total 639 88.23519 . 1380832 

*Significant at 5%. 
**Significant at 1%. 
NSNon - significant . 
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Table L~7. Ana l ysis of varianc e f or nitrogen conte nt within th e C-l 
c lipping fr equ ency, (1961-1962) 

Source OF ss MS 'F' values 

Yea r s 3 3 o702242 1. 234081 20o659>'* 
Replications 1 10 726309 l. 7 26309 28 0 899>'* 
Years x Reps 3 0 211985 o080661 1o 350NS 
Irrigations 3 1.425506 o475169 7 0 955*"' 
Yea r s x I rr 9 o750159 o083310 l. 395NS 
Error (A) 12 0 716809 o059 734 
Fertili zer s 3 2o641723 .880574 9 0 9521'* 
Irr x Fe rt 9 3.84629 o427365 4 0 830>'* 
Year x Fe rt 9 l. 33 1529 .14794 8 l. 672NS 
Yea r x Irr x Fert 27 1o839065 . 0681135 o 770NS 
Error ( B) 48 4.247110 .08848 14 
Har ves t s 3 37 .88069 12 .62690 22 5.52** 
Irr x Harvest 9 0869336 .096592 1o752NS 
Fer t x Harves t 9 20499556 . 2777284 4. 9601'* 
I rr x Fe rt x Harv 27 1.452494 o0537960 o961NS 
Year x Harv 9 41.613890 4 o623766 82.583** 
Year x Irr x Har v 27 20313644 .0256905 l.530NS 
Yea r x Fe rt x Ha rv 27 2o528084 0 0936327 l. 672>> 
Year x Irr x Fert x Harv 21 3 o705 976 .0457528 o817NS 
Error (C) 192 10. 74984 00559887 
Tota l 511 89 . 62706 . 175395 

*Signi ficant at 5%. 
**Signi f icant at 1%. 

NSNon - signi f i canto 
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Table 48. Analysis of variance fo r ni trogen cont ents within the C-2 
clipping fr equency, (1961- 1964) 

Source DF ss MS 'F' values 

Years 3 6 . 948400 2.316133 23.125** 
Replications 1 1. 274500 1.274500 15 . 476~'* 

Years x Re ps 3 . 129600 .043200 NS 
Irrigations 3 1. 926600 . 66220 8.041>\"* 
Ye ar x Irr 9 1. 327800 .147533 1. 791 
Error (A) 12 . 988200 . 082350 
Fertilizers 3 2.094700 . 698233 7.542** 
Irr x Fert 9 1. 810400 . 201155 2 .173'' 
Ye ar x Fe rt 9 3.1 69000 .352111 3 . 803** 
Year x Irr x Fert 27 2.65 7300 . 098418 1 . 063NS 
Error (B) 48 4 .443800 . 092591 
Harve st s 4 38.03930 9 . 509825 198. 732>'* 
Irr x Harvest 12 2 . 003100 . 166925 3.488** 
Fert x Harve st 12 7 .0113 00 .584275 12. 210~'* 
Irr x Fert x Harv 36 1. 724000 .047888 NS 
Year x Harvest 12 54.199800 4 . 516650 94.387** 
Year x Irr x Harv 36 3.982200 .110617 2. 312>'<>'< 
Year x Fert x Harv 36 2.956300 . 082119 1. 716** 
Year x Irr x Fe rt x Harv 108 6.084400 .053874 1.168NS 
Error (C) 256 12 . 250200 .047852 
Total 639 118.978200 . 186194 

*Significant at 5%. 
**Signi f icant a t 1%. 
NSNon - significant. 



Table l 9 , Analysis of variance for phosphorus contents within the C-1 
clipping frequency, (1961-1964) 

Source DF ss MS 'F ' values 

Years 3 .9325944 .3 108642 33.233* 
Replications 1 . 2665869 .2665869 28.499** 
Years x Reps 3 .0092065 .0030688 . 328NS 
Irrigations 3 . 0501132 .0167044 l. 785NS 
Years x Irr 9 .0480574 .0053397 .571NS 
Error (A) 12 . 1122481 .0093540 
Fertilizers 3 . 5897211 .1 965737 39. 774** 
Irr x Fert 9 .0328579 . 0036508 . 738NS 
Year x Fert 9 . 0990113 .0110013 2. 226>~ 
Year x Irr x Fert 27 . 0882187 . 0032 674 .661NS 
Error (B) 48 .2372269 .0049422 
Harvests 3 1.687341 .5624468 113. 652>~ 
Irr x Harves ts 9 .0264631 .0029409 . 594NS 
Fert x Harvest 9 .4500352 .0500039 10.104~'* 

Irr x Fert x Harv 27 . 0985494 .003 6499 .737NS 
Year x Harv 9 2.261085 .2512317 50 . 765** 
Year x Irr x Harv 27 .1010745 .0037435 . 756NS 
Year x Fert x Harv 27 .1997464 .0073980 l. 494NS 
Year x Irr x Fert x Harv 81 .4027566 .0049 723 l.004NS 
Error (C) 192 .9501736 . 0049488 
Total 511 7 . 005845 .0137100 

*Significant at 5%. 
'"'*Significant at 1%. 

NSNon-signif icant. 



Ta ble 50. Anal ysis of variance 
clipping frequency, 

Source DF 

Year s 3 
Repli cations 1 
Years x Reps 3 
I rrigat ions 3 
Yea r x Irr 9 
Error (A) 12 
Fertilizer s 3 
Irr x Fert 9 
Year x Fert 9 
Year x Irr x Fert 27 
Error (B) 48 
Harves t s 4 
Irr x Harvest 12 
Fer t x Harves t 12 
Irr x Fert x Harves t 36 
Year x Harvest 12 
Year x Irr x Harve st 36 
Year x Fe rt x Harves t 36 
Year X Irr x Fert x Harv 
Error (C) 
Total 

*Signi ficant at 5%. 
**Signi ficant at 1%. 
NSNon- s i gni f i can t. 

108 
256 
639 
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for phosphorus cont ent within the C-2 
(1961-1964) 

ss MS 'F' values 

1. 318777 . 439592 92. 088*"' 
.387892 .387892 81. 285** 
.014545 .004849 NS 
.150839 .050280 10. 533'"'' 
. 123274 .013697 2 .869* 
. 057283 . 004774 
.491371 .163790 24. 529;'* 
.13685 7 .0152063 2.277;"' 
. 119153 .013239 1.983NS 
.215291 . 007974 1. 194NS 
.320515 . 006677 

2. 187000 . 546750 155.359** 
.051979 .0043315 NS 
.520755 .043397 12 . 331'"* 
.136567 .003793 NS 

3.476424 . 289707 82.320** 
.251500 .006986 1. 985** 
.218847 .006079 l. 727** 
.477898 . 004425 NS 
.900929 . 003519 

9.521597 .014900 
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Table 51. Analys is of variance for pot assium cont en t wi thin the C-l 
clipping f r equency, (1961- 1964) 

Source OF ss MS 'F' values 

Years 3 11.86438 3. 954793 118 . 8941'* 
Replications l .0500070 .0500070 l.503NS 
Years x Reps 3 . 3477790 . 1159263 3 . 485>< 
Irrigati ons 3 .0416664 . 0138888 .417NS 
Years x Irr 9 . 1975416 .0219491 . 65 9NS 
Error (A) 12 .3991580 .0332621 
Fertilizers 3 .0524257 .0174752 .443NS 
lrr x Fert 9 .2740502 . 0304500 . 772NS 
Year x Fe rt 9 .4263132 . 04 73681 1.201NS 
Year x Irr x Fert 27 . 6639547 . 024590 .6 24NS 
Error (B) 48 1. 891781 .0394121 
Harves ts 3 9.819270 3 . 273090 76 . 706* 
Irr x Harvest 9 .1716765 .01907517 . 447NS 
Fert x Harves t 9 .13 25415 . 0147268 . 345NS 
lrr x Fert x Harv 27 1.1566270 .0428380 1.003NS 
Year x Harv 9 47.48436 5.276040 123 . 64 71'* 
Year X Irr X Harv 27 . 8525914 . 0317996 .745NS 
Year x Fe rt x Harv 27 .5988198 . 0221785 .5 19NS 
Year x Irr x Fert x Harv 21 3 .1 75595 . 0392048 .91 2NS 
Error (C) 192 8 . 192675 .04267018 
Tota l 511 78.02161 . 1526842 

*Significant at 5%. 
~kSignificant at 1%. 
NSNon- s igni f i cant. 
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Tab l e 52 . Analysis of variance for potassium content within the C-2 
clipping frequency, (1961-1964) 

Source DF ss MS ' F ' values 

Years 3 6. 770000 2.256667 64. 784** 
Replications l .090000 . . 090000 NS 
Years x Reps 3 .631000 .. 210333 6 . 038*1< 
Irrigations 3 .197000 .065667 NS 
Years x Irr 9 .414000 .046000 NS 
Error (A) 12 .418000 . 034833 
Fertilizers 3 .295000 .098333 2 . 954* 
Irr x Fer t 9 .352000 . 039111 NS 
Year x Fert 9 . 716000 . 079555 2 .390>< 
Year x Irr x Fert 27 . 702000 .026000 NS 
Error (B) 48 1 . 598000 .033291 
Harvests 4 13 . 115000 3.278750 91. 693** 
Irr x Harvest 12 .238000 . 019833 NS 
Fert x Harvest 12 .709000 .059083 NS 
Irr x Fert x Harv 36 1.658000 .046055 NS 
Year x Harvest 12 42 . 970000 l3 . 58083 100.141** 
Year x Irr x Harv 36 1.540000 . 042777 NS 
Year x Fert x Harv 36 1. 569000 .043583 NS 
Year x Irr x Fert x Harv 108 2 . 941000 . 027231 NS 
Error (C) 256 9.154000 .035757 
Tota l 639 73.163000 . 114496 

<<Significant at 5%. 
**Significant at 1%. 
NSNon-significant. 
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Table 53. Analysis of variance for calcium content within the C-l 
clipping frequency, (1961-1964) 

Source OF ss MS ' F' values 

Year s 3 23 .03096 7.676987 61. 406** 
Replications 1 . 9782500 .9782500 7. 8251< 
Years x Reps 3 .3913600 .1304533 1.043NS 
Irrigations 3 . 1313600 .0437866 .350NS 
Years x Irr 9 .7969900 .0285544 .708NS 
Error (A) 12 1.500230 .1250192 
Fertilizers 3 12. 39 177 4 . 130590 41. 007*"' 
Irr x Fert 9 1.194470 . 1327189 1. 317NS 
Year x Fert 9 .8458100 . 0939788 .933NS 
Year x Irr x Fert 27 1. 463710 .05421148 .538NS 
Error (B) 48 4.834890 . 1007269 
Harvests 3 6.190280 2 . 063427 38. 057'"'' 
Irr x Harvest 9 .6298900 • 0699877 1. 290NS 
Fert x Harvest 9 2 . 282720 . 2536356 4.678** 
Irr x Fert x Harv 27 1.391210 . 0515263 .950NS 
Year x Harv 9 12 . 37288 1.374764 25 . 355** 
Year x I rr x Harv 27 .9139600 .0332503 .6 24NS 
Year x Fert x Harv 27 2 . 107270 . 0780470 1 .439NS 
Year x Irr x Fert x Harv 81 4.206340 .0519301 .957NS 
Error (C) 192 10.40997 . 0542186 
Total 511 82 . 00540 . 1604802 

*Significant at 5%. 
**Significant at 1%. 

NSNon- s i gnificant. 
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Table 54. Ana l ys is of variance for calcium content within the C-2 
clipping freq uenc y , (19 61 -19 64 ) 

Source DF ss MS 1 F 1 values 

Years 3 26. 80699 8.935662 178.545** 
Replications l .7 96650 .796650 15.918** 
Years x Reps 3 .314446 .104813 2.094NS 
Irrigations 3 .825696 .275232 5.499~< 

Years x Irr 9 . 893329 . 099258 NS 
Error (A) 12 . 600563 . 05004 7 
Fer tilizers 3 ll. 36065 3.786883 93.698** 
Irr x Fert 9 .638421 . 070935 NS 
Yea r x Fert 9 2 . 956277 .328475 8 • l27~rk 
Year x Irr x Fert 27 l. 819774 .067399 NS 
Error (B) 48 1.939960 .040416 
Harves ts 4 8 . 009442 2 . 002360 44.857** 
Irr x Harves t 12 .785121 . 065426 NS 
Fe rt x Harvest 12 5 .826863 .485572 10.178** 
Irr x Fert x Harv 36 2. 446426 .067956 NS 
Year x Harvest 12 27 .441100 2 . 286750 51. 228** 
Year x Irr x Harv 36 2. 246893 . 0624137 NS 
Year x Fert x Harv 36 9 . 069276 . 251924 5 . 544>'* 
Year x Ir r x Fe rt x Harv 108 5.206792 .048211 NS 
Err or (C) 256 11.427280 . 044637 
Total 639 114.228200 .1 78761 

*Significant at 5%. 
**Signif i cant at 1%. 

NSNon-significant . 
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Table 55. Anal ys is of var iance for copper content within the C-1 
clipping frequency, (1961-1964) 

Source DF ss MS 'F' values 

Years 3 1485.000 495.0001 38 . 15 5~"' 
Re plications 1 21.82140 21.82140 1. 682NS 
Years x Reps 3 7.14670 2.38223 .183NS 
Irrigations 3 88. 29210 29.43070 2 . 268NS 
Years x Irr 9 144 . 3139 16.03488 1. 236NS 
Error (A) 12 155.6791 12.97326 
Fertilizers 3 13.30820 4.366067 . 294NS 
Ir r x Fert 9 54.07280 6.008089 .398NS 
Year x Fert 9 66.80970 7.423300 .492NS 
Year x Irr x Fert 27 135 . 9124 5.034015 .334NS 
Er r or (B) 42 723 . 5166 15.07326 
Harvests 3 943.1398 314 .3799 24.011** 
Irr x Harvest 9 68.53750 7.615278 .581NS 
Fert x Harv 9 181.4 732 20 .1 6369 1 . 540NS 
Irr x Fert x Harv 27 294.9642 10.92460 .834NS 
Year x Harv 9 2847.245 316.3605 24 . 162** 
Year x Irr x Harv 27 445 . 8624 16 .51342 l. 2612NS 
Year x Fe r t x Narv 27 526 . 1398 19.48666 1.488NS 
Ye ar x Irr x Fert x Harv 81 748 . 6771 9.242927 . 7059NS 
Error (C) 192 2513 . 891 13 . 09318 
Total 511 10610.96 20 . 76509 

*Significan t at 5%. 
'"*Significant at 1%. 

NSNon-significant. 
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Table 56 . Analysis of variance for coppe r content within the C-2 
c lipping frequency, (19 61-1964) 

Source DF ss MS 'F' values 

Years 3 3418.004 1139.335 59. 683'"' 
Re plications 1 31.1522 31.1522 NS 
Years x Reps 3 69.6016 23.2005 NS 
Irrigations 3 80.1361 26.7120 NS 
Years x Irr 9 325.4768 36.1641 NS 
Error (A) 12 229.0736 19.0894 
Fertilizers 3 10.4169 3.4723 NS 
Irr x Fert 9 148.9333 16.5481 NS 
Year x Fert 9 194 . 4430 21.6048 NS 
Year x Irr x Fe rt 27 470.3133 17.4190 NS 
Error (B) 48 929.1105 19.3565 
Harves t s 4 1563.962 390 . 9905 25 . 274'"<-1' 
Irr x Harvest 12 150. 2643 12 . 5220 NS 
Fert x Harvest 12 324.0892 27.0074 1 . 746NS 
Irr x Fert x Harv 36 499.3964 13 . 8721 NS 
Year x Harvest 12 3800.722 316.726 20. 486*'' 
Year x Irr x Harv 36 584.1254 16.2257 1. 049NS 
Year x Fert x Harv 36 699.4086 19.4280 1. 256NS 
Year x Irr x Fert x Harv 108 1738.953 16 . 1014 NS 
Error {C) 256 3960 . 402 15.4703 
Total 639 17744 . 16 27.7686 

*S i gni f icant at 5%. 
**Signif icant at 1%. 
NSNon- significant . 
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Table 57. Ana l ysis of var i ance for iron content wi thin the C-1 
clipping fre quency, (1961-1964) 

Source DF ss MS 'F ' va lues 

Years 3 247767. 1 82589.03 19.078''"' 
Replications 1 6125.800 6125 . 800 1.415NS 
Years x Reps 3 20925.60 6975 .200 1. 611NS 
Irrigations 3 51,742 . 70 18247 . 57 4 . 215NS 
Years x Irr 9 4053 . 100 450 .3444 . 104NS 
Erros (A) 12 51946 . 40 4328 . 867 
Fer t ilizers 3 107502.2 35836.07 20 . 896** 
I rr x Fert 9 7291. 700 810 . 1889 .472NS 
Years x Fer t 9 8349 .400 92 7.7111 . 541NS 
Year s x Irr x Fert 27 47 548.00 1761.037 1. 027NS 
Error (B) 48 8231 6.30 1714 . 923 
Harves t s 3 256654 . 7 85551.5 7 47 .2911** 
Irr x Harvest 9 15834.50 1759.389 .972NS 
Fert x Harves t 9 39135.30 4348.367 2 . 403* 
Irr x Fert x Ha rv 27 3946 7. 60 1461 .7 63 . 8080NS 
Year x Harv 9 352184 . 0 39131.56 21. 631'"' 
Year x Irr x Harv 27 139321. 6 5160 . 059 2. 852** 
Year x Fe r t x Harv 27 51212 . 50 1896. 759 1 .048 
Year x Irr x Fert x Harv 81 163339. 6 2016 .538 1. 114 7 
Error (C) 192 347335.4 1809 .039 
Total 511 1841148.0 3603 . 030 

''Significant a t 5%. 
**S i gni f icant a t 1%. 
NSNon-si gni f icant. 
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Tabl e 58. Analys i s of variance fo r iron content within the C-2 
cl i pping frequency, (1961-1964) 

Source DF ss MS 'F ' values 

Years J 597115 . 7 199038.6 50. 774*'' 
Re plications 1 200.1 200 . 1 NS 
Years x Re ps 3 12244.3 4081. 4 NS 
Irrigations 3 54563 . 2 18187 . 7 4 . 640>< 
Year x Irr 9 50287. 2 5587 . 4 NS 
Error (A) 12 47040 . 6 3920.1 
Fe rtilizers 3 15267 . 2 5089 . 1 NS 
Irr x Fert 9 52258.2 5806.4 NS 
Year x Fert 9 68275 . 7 7586 . 2 NS 
Year x Irr x Fert 27 107814.0 3993.1 NS 
Error (B) 48 231879 . 2 4830 . 8 
Harvests 4 607544 . 6 151886 . 2 42 . 744** 
Irr x Harvest 12 93844.2 7820 . 4 2.201* 
Fert x Harvest 12 35665.8 2972 . 2 NS 
Irr x Fert x Harv 36 121331.9 3370.3 NS 
Year x Ha rv 12 806555.6 68879 . 67 19.385** 
Year x I rr x Har v 36 164871.2 4579 .56 NS 
Yea r x Fert x Harv 36 124026. 1 3445.17 NS 
Year x Irr x Fert x Harv 108 461863.2 4276.51 NS 
Error (C) 256 909647.8 3553 . 31 
Total 639 4009315.0 6274 .44 

*Significant at 5%. 
**Sign i ficant at 1%. 
NSNon-s i gnificant. 
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Table 59. Analysi s of variance for manganese content within the C-1 
clipping frequency, (1961 - 1964) 

Source DF ss MS 'F' values 

Ye ars 3 387386 . 4 129128.8 83.056** 
Re plications 1 2614.549 2614 .549 1. 682NS 
Year x Reps 3 6093 . 301 2031.100 1 .306NS 
Irrigations 3 4404.396 1468 . 132 .944NS 
Years x I rr 9 10735 .87 1192 . 875 . 767NS 
Error (A) 12 18656.62 1554 . 718 
Fertilizer s 3 44524 . 52 14841.51 7. 812** 
Irr x Fert 9 12916. 28 1435.142 .755NS 
Year x Fert 9 15577 . 13 1730.792 . 911NS 
Year x Irr x Fert 27 44916 . 62 1663 . 579 . 876NS 
Error (B) 48 91194 . 66 1899 . 889 
Harvests 3 283200 . 7 94400.24 64.843** 
Irr x Harvest 9 18663. 13 2073 . 681 1. 424NS 
Fert x Harvest 9 33271.07 3696 . 785 2. 539** 
Irr x Fert x Harv 27 33448 . 36 1238 . 828 . 85 1NS 
Year x Harv 9 l,(l531 6 . 7 53924.08 37. 040** 
Year x Irr x Harv 27 46615.90 1726 . 515 l.l86NS 
Year x Fert x Harv 27 46112 .06 1707. 854 1. 17 3NS 
Year x Irr x Fert x Harv 81 123419.9 1523.702 1. 047NS 
Error (C) 192 279520.4 1455 . 835 
Total 511 1709792 .0 3345 . 973 

*Signi ficant at 5%. 
**Significant at 1%. 

NSNon-sign i f ican t. 
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Table 60. Anal ysis of variance fo r manganese content within the C-2 
clipping frequency, (1961-1964) 

Source DF ss MS 'F' values 

Years 3 566 626.20 188875.40 189.79** 
Replications l 392. 19 392.19 NS 
Year x Reps 3 1416.26 472.08 NS 
Irrigations 3 1325. 83 441.94 NS 
Year x Irr 9 7590.30 843.33 NS 
Error (A) 12 11941.58 995. 13 
Fertilizer s 3 13923.22 4641.07 5 .546''""' 
Irr x Fert 9 9591.21 1065 . 69 l. 274NS 
Year x Fert 9 10012.54 1112.50 NS 
Year x Irr x Fert 27 143 99.31 533.31 NS 
Error (B) 48 40164.87 836.77 
Harvests 4 219914.40 54978.60 88 .084** 
lrr x Harves t 12 13970.44 1164.20 1.865* 
Fert x Harve st 12 18003.24 1500 . 27 2 . 403'"' 
lrr x Fert x Harv 36 28968 . 86 804 . 70 NS 
Year x Harv 12 519121.00 43260.08 69. 309''* 
Year x Irr x Harv 36 24335.25 675 . 98 NS 
Year x Fert x Harv 36 40613 . 84 1128 . o6 1. 808''* 
Year x Irr x Fe rt x Harv 108 71986.52 666.54 NS 
Error (C) 25 6 159783 .60 624.15 
Total 639 1555492.00 2434 . 26 

*Signi f icant at 5%. 
**Signi ficant at 1%. 

NSNon-signi f icant. 
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Table 61 . Anal ysis of variance fo r zinc content wi thin the C- 1 
clipping frequency, (1961-1964) 

Source DF ss MS 'F ' values 

Year 3 9779.050 3259.683 60. 207>'"* 
Replica tions 1 23.16000 23.16000 . 428NS 
Years x Reps 3 34 . 01100 11.33700 .209NS 
Irrigations 3 147.6500 49.21667 .909NS 
Years x Irr 9 330.1390 36.68211 .678NS 
Error (A) 12 649.6880 54.14067 
Ferti lizers 3 230.9120 76 .9 7067 l. 507NS 
Irr x Fert 9 356.3990 39.59989 . 775NS 
Year x Fert 9 409.0990 45 .45544 .890NS 
Year x Irr x Fert 27 11 69 .639 43.31996 .848NS 
Error (B) 48 2451.36 7 51.07015 
Harvest 3 1200.673 400.2243 12. 255''"" 
Irr x Harves t 9 489 . 0410 54 . 33 789 l. 664NS 
Fert x Harvest 9 354.1920 29 .35533 1.205NS 
Irr x Fer t x Harv 27 1541.358 57 . 08733 l. 742'"' 
Year x Harv 9 9258 .489 1028.721 31. SOU'* 
Year x Irr x Harv 27 1086 . 090 40.22556 1 . 232NS 
Year x Fert x Harv 27 1338 .1 22 49.56007 l. 518NS 
Year x Irr x Fe rt x Harv 81 4730.488 58.40109 l. 788*>> 
Error (C) 192 6270 . 089 32.65671 
Totals 511 40796.65 79.83689 

*S i gni f icant at 5%. 
i''*Significant at 1%. 

NSNon- significant. 
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Table 62. Analys i s of variance fo r zinc cont ent within the C-2 
clipping frequency, (1961-1964) 

Source DF ss MS 'F ' values 

Years 3 26107.90 8702.63 192.825** 
Replications 1 2. 8354 2.8354 NS 
Years x Re ps 3 67 . 6486 22 . 5495 NS 
Irrigations 3 216 . 6867 72 . 2289 NS 
Years x Irr 9 1241.2660 137 . 9185 3 . 056* 
Error (A) 12 541.5870 45 . 1322 
Fertilizers 3 2390.0310 796.6770 28 . 797** 
Irr x Fert 9 474.0653 52.6739 NS 
Year x Fert 9 4227 . 3270 469.7030 16.978** 
Year x Irr x Fe rt 27 1192.4740 44.1657 1. 596NS 
Error (B) 48 1327.9130 27 . 6648 
Harves ts 4 4516 .7860 1129.1970 28.270** 
Irr x Harves t 12 1413.9720 117.8310 2. 950** 
Fer t x Harves t 12 5315.0930 442.9244 11. 089** 
Irr x Fert x Harv 36 2053.1690 57.0325 1. 429NS 
Year x Harvest 12 15269 . 77 127 2.481 31.857** 
Year x Irr x Harv 36 5039 . 8190 139.9950 3.505** 
Year x Fert x Harv 36 15744.91 437.3586 10.950** 
Year x Irr x Fert x Harv 108 5723.2870 52.9934 1. 327* 
Error (C) 256 10225.29 39.9425 
Total 639 98791.720 154.6036 

*Sign ificant at 5%. 
**Signi ficant at 1%. 

NSNon-signi f icant . 



Tab l e 63. Average dry matter yi e ld s for harvest as 
ferti l ization for C-1 clipping f requenc y 

l - 1 
Harvest Year F-1 F- 2 F-3 

l . 57 1.13 . 98 
2 .3 7 .81 .93 

H- 1 3 .37 . 74 . 76 
4 . 33 1.31 1. 23 

1 . 14 .25 .53 
2 .15 . 28 .29 

H-2 3 . 18 .49 . 95 
4 .20 .38 . 74 

l .21 .25 .50 
2 .16 . 12 . 20 

H-3 3 . 13 .18 .1 6 
4 . 14 . 17 .25 

1 . 14 .11 . 21 
2 .14 .07 . 09 

H-4 3 .05 1.00 .05 
4 .04 .06 .60 

influenced by year , irrigation, and nitrogen 

Tons er acre 
1-2 

F- 4 F- 1 F-2 F-3 

1.35 . 56 l. 27 1.21 
.92 .34 .96 . 95 
.84 . 34 l. OS .86 

1.55 .38 1.34 1.40 

.59 . 16 .29 .85 

.88 .1 3 .28 1.03 
1.12 .19 . 42 . 97 

. 93 . 13 .31 .64 

.99 .13 . 21 .33 

. 70 .26 .20 .34 

.77 .11 . 20 .35 
1.04 . 14 . 24 . 51 

.56 .11 .1 4 .19 

. 90 . 28 .13 .13 

.96 .05 . 07 .15 

. 66 .35 .05 . 09 

F-4 

l. 21 
.97 
.96 

1.35 

.96 
1.09 

.95 

.72 

.74 

.93 

. 67 

.97 

.63 

.70 

.51 

.72 

..... 
ln 

"' 



Table 63. Continued 

Tons er acre 
1-3 I-4 

Harvest Year F- 1 F- 2 F-3 F-4 F- 1 F- 2 F- 3 F-4 

1 . 46 1.18 1.23 1. 39 .84 1.44 1.41 1.66 
2 .39 1.19 1.01 . 92 .42 1.04 1.05 .98 

H-1 3 . 74 1.13 1.04 1.12 .57 1.01 1.17 1.18 
4 .59 1.42 1.34 1.56 . 37 1.36 1.17 1.40 

1 . 20 .25 . 79 .70 . 44 .38 1.14 1. 04 
2 . 25 . 48 1.01 1.03 .24 .38 . 94 1. 08 

H-2 3 . 30 . 32 1.02 1.06 . 24 .40 .95 1.06 
4 . 39 . 34 .87 . 94 .20 .41 .56 .98 

l .15 .21 . 40 .74 .47 .34 .47 .97 
2 .35 .25 . 46 1.16 . 26 .20 .34 1.12 

H- 3 3 .30 .24 .42 .93 .28 .3 6 .35 1:01 
4 .38 .24 .32 1.14 .23 .41 .3 6 1. 37 

1 .24 .26 . 31 .98 .47 .47 .31 1.0 
2 .25 . 27 .34 1.13 .29 .32 . 19 1. 29 

H-4 3 . 18 .07 .14 1.09 .14 .23 .09 .77 
4 .18 . 05 . 09 .73 0.04 .14 .09 . 79 

Note: 

I Irrigation levels (1,2,3,4. l=long, 2=medium, 3=medium short, 4=shor t). 
F Nitrogen fertilization (1=0, 2=50, 3=100, 4=200 pounds per acre). 
c Clipping frequency (1=4 harvests for season, 2=5 harvests per season) . 
H = Harvest. 
Years = (1=1961 , 2=1962, 3=1963, 4=1964). ,.... 

Ln 

'"' 



Table 64. Average dry matter yield per harves t a s inf luenced by year , irrigation , and nitrogen fer til iza -
tion for the C-2 clipping frequency 

Tons er acre 
I-1 I-2 

Harvest Ye ar F- 1 F- 2 F-3 F- 4 F- l F- 2 F- 3 F-4 

1 .58 1.15 1.19 1.35 . 80 1.69 1. 25 1. 20 
2 .18 .50 . 72 .60 . 32 .78 .73 . 69 

H- l 3 .36 .60 .51 .45 .44 . 72 .63 .54 
4 . 43 1.08 1.07 l. 21 .44 1.15 1.16 1.10 

l . 15 .26 .54 .59 .18 .28 .65 . 72 
2 .19 . 32 .64 . 67 . 24 .3 2 . 75 . 79 

H-2 3 .20 .44 . 94 .96 . 34 .47 .99 l. 00 
4 . 21 .29 . 61 . 65 .21 . 35 .75 .72 

l .07 . ll .26 .44 .16 .35 . 50 .78 
2 .20 .21 . 29 1.12 .15 .18 .3 2 .96 

H-3 3 .16 .25 . 31 .72 .18 . 17 .28 . 64 
4 .13 .16 .21 .51 .12 . 22 . 29 .54 

l .08 . 08 .12 .32 .10 . 17 . 17 .18 
2 .23 . 07 .23 . 71 . 14 . 14 .ll . 75 

H-4 3 . 60 . 06 .02 . 46 . 12 .1 6 . 18 . 68 
4 . 08 .12 . 09 . 98 .07 .17 .21 . 88 

. 07 . 04 .ll .46 .10 .15 . 16 . 36 
2 .04 .03 . 04 .15 . 10 . 10 .08 .19 

H-5 3 . 03 . 02 .02 .22 . 07 . 07 .08 .35 
4 . 03 .02 . 02 . 18 .01 . 02 . 03 .23 

,... 
(.' 
0 



Tab l e 64. Continued 

Tons er acre 
I -3 I-4 

Harvest Year F- 1 F-2 F- 3 F- 4 F- 1 F-2 F- 3 F-4 

l . 61 1.24 l. 51 l. 22 . 74 l. 61 l. 55 l. 70 
2 .37 .56 . 71 .72 . 31 . 89 .83 .68 

H- 1 3 . 29 .60 .66 .78 .45 . 67 .73 .78 
4 .39 1.13 l. 27 l. 28 .53 1.09 .98 1.10 

1 .25 .37 .84 .71 .30 .36 .91 .94 
2 . 26 .37 . 82 .81 . 48 .35 .56 .72 

H- 2 3 . 30 .39 .89 .95 .28 .45 .89 .90 
4 . 29 .32 . 74 . 71 .28 .32 .52 .91 

1 .09 . 09 .20 .41 .25 .26 .25 .69 
2 .24 .34 .44 1.12 .61 .37 .45 l. 18 

H-3 3 .20 .28 .40 . 75 .22 .23 .38 . 84 
4 . 27 . 25 .46 . 98 . 30 .35 .40 .99 

1 .10 .10 . 19 .58 .21 .26 . 22 . 62 
2 .17 .14 .15 .20 . 26 .29 .20 l. 97 

H-4 3 .16 . 12 . 21 .92 .19 .19 .25 1.08 
4 .22 .13 .24 .84 . 19 .18 .25 .48 

1 .12 .12 .15 .43 .22 .21 . 13 .42 
2 . 08 .15 .09 .27 .37 . 17 . 08 .25 

H- 5 3 . 08 .05 . 45 .41 . 10 .09 .11 .34 
4 .12 .02 . 03 .22 . 05 . 05 .11 .63 

No t e: For abbr eviations see footno t e of Table 63 . 
.... 
a-.... 



Tab l e 65. Average nitr ogen content per harvest as influenced by year, irrigation, and nitrogen 
fertilization for C-l clipp ing frequency 

Pe rcent 
I-l I-2 

Harves t Year F- l F- 2 F- 3 F- 4 F- l F- 2 F-3 F- 4 

l l. 66 l. 96 1.85 2.12 l. 66 1.95 1.85 2.12 
2 l. 83 2.15 1. 95 2.30 1.90 l. 92 2.09 l. 95 

H- l 3 2.63 3 . 02 2.25 2.37 2. 05 2.32 2.20 2 . 19 
4 l. 73 l. 75 1.96 2 . 08 l. 60 l. 68 l. 82 l. 85 

2.31 2.01 2.53 2.40 2 . 12 2.05 2.40 2.26 
2 2.51 2.16 2 . 13 2.40 2 .75 2.18 2 . 34 3.15 

H- 2 3 2.17 2.14 2.05 2.54 2.18 l. 97 2.40 2 .09 
4 2 . 37 2 . 27 2.23 2.32 2.57 2 . 26 2 . 40 2 . 41 

l 2 . 37 2.37 2 . 26 2 . 43 2.45 2.30 2. 15 2.31 
2 2. 72 2 . 64 2.31 2 . 99 2.64 2.53 2 .33 2.43 

H-3 3 2 .82 2.85 2. 40 2.86 2.62 2 .55 2.61 2 .75 
4 2.65 2 . 52 2.31 2 . 78 2 .3 7 2.40 2.37 2.63 

l 2.75 2.97 2.63 3.04 2.86 3 .26 2 . 76 2. 51 
2 3.06 2.61 2. 30 2.63 2.70 2 . 44 2.61 3.00 

H- 4 3 2 . 82 3.15 2.57 3 . 27 2 . 82 3.05 2 .80 2. 77 
4 2.61 2.49 2.34 3 . 01 2 . 46 2. 7l 2 . 39 2.70 



Table 65. Cont inued 

Percent 
I-3 I -4 

Harves t Year F- 1 F-2 F-3 F-4 F-1 F-2 F-3 F- 4 

1 1. 66 1. 95 1.85 2. 12 1.66 1. 95 1.85 2.12 
2 1. 80 1. 78 1.80 2.00 1. 91 2.19 1. 94 1 . 68 

H-1 3 2.59 2.56 2.43 1. 98 2.31 2.18 1. 95 1.86 
4 1. 92 1. 71 1. 52 1. 73 1.63 1 . 86 1.54 1. 65 

1 2.26 2 . 29 2.23 2 . 28 2.22 2.15 2.02 2.07 
2 2.41 2.48 2.23 2.16 3.29 2.46 2.41 2.08 

H- 2 3 2.37 2.11 2.78 2.32 2.17 2 . 13 2.10 2.24 
4 2.44 2.35 2.19 2.41 2 . 43 2.38 2.13 2 .15 

1 2 . 43 2.67 2.23 2. 71 2.21 2.36 2.04 1.91 
2 2.75 2.47 2.34 2 . 35 2.64 2.54 2.19 2.16 

H-3 3 2.66 2.46 2.34 2 . 57 2.63 2.56 2.22 2.24 
4 2 . 62 2 . 45 2 . 30 2.60 2.51 2.41 2 . 09 2 . 26 

2 . 89 2 . 72 2. 47 2.29 2 . 37 3.04 2.27 2.09 
2 3 . 18 3 . 02 2.38 2 . 35 2.82 3.14 2.40 2 .11 

H-4 3 3.32 2. 77 2.61 3.04 3 . 16 3 . 12 2. 72 2.40 
4 2 . 93 2 . 48 2.51 2 . 83 2 . 73 2.82 2.65 2.64 

Note: For abbreviat i ons , see foo tnote of Table 63 . 



Table 66. Average n itroge n con t en t per harves t as in f luence d by year, irrigation, and nitrogen 
f erti l ization for the C- 2 clipping frequency 

Percen t 
I - l I-2 

Harves t Year F- l F- 2 F-3 F- 4 F- l F- 2 F-3 F-4 

l l. 75 1.80 1.90 1.96 1. 75 1.80 1. 90 l. 96 
2 2. 41 2.20 2. 63 2. 56 2.32 2.68 2 . 58 2.51 

H-l 3 2 . 83 3 . 05 3.03 3 . 23 2 . 99 2 . 84 2 . 78 2 . 74 
4 1.89 2. 36 1.98 l. 79 1.66 1.87 1. 97 2.10 

2.25 2.16 2. 63 2. 63 2.40 2 . 46 2.73 3.20 
2 2. 54 2.80 2.62 2 . 86 2 . 57 2.52 2. 65 2.64 

H- 2 3 3.44 2.47 2.32 2 . 80 2 . 40 2.2 6 2.34 2.36 
4 2 . 50 2 . 35 2.39 2 . 57 2.44 2 . 25 2.70 2 . 90 

l 2. 67 2 . 77 2 . 66 3 . 14 2 . 55 2.49 2 .48 3.22 
2 3 . 01 2.80 2. 36 2.48 2.55 2.53 2. 45 2 .5 6 

H- 3 3 3.04 2. 7l 2 . 37 3.49 2. 75 2 . 80 2.48 2 .86 
4 2. 94 2.93 2 . 48 3. 37 2 . 86 2. 77 2 . 75 3 . 31 

2. 90 2. 79 3. 28 3 . 21 3 . 00 3.08 3.12 3 . 27 
2 3 . 30 2 . 97 2 . 60 3 . 16 2.78 2 . 81 2.67 2.95 

H- 4 3 3. 63 3.11 2. 76 3 .1 6 2.84 2 . 91 2.75 3.46 
4 2 . 88 2 . 91 2. 70 3 .1 2 2.76 2 . 84 2 .73 3.24 

l 3 .02 2.92 3.18 3 . 10 3.11 3 . 02 2. 99 2.65 
2 2 . 81 3 .11 3. 12 2.91 3.09 2 . 89 2 . 85 2 . 53 

H- 5 3 3.02 2. 99 2 . 78 2.67 2. 94 3.17 3.00 3 . 02 
4 2.91 2.55 2 . 35 2 . 80 2.68 2 . 68 2.69 3. 01 

..... 
"' ..,. 



Table 66. Continue d 

Percent 
I - 3 I-4 

Harves t Year F-1 F-2 F-3 F- 4 F- 1 F-2 F-3 F-4 

l l. 75 1.80 1.90 l. 96 l. 75 1.80 l. 90 l. 96 
2 2.33 2.63 2. 81 2.47 2. 7 5 2.47 2.48 2.29 

H-1 3 2 . 71 2.86 2 . 83 2.87 2. 88 3 .28 2. 45 2.36 
4 1.80 2.07 2 .2 5 2.02 1.80 1.98 2.07 2.11 

1 2 . 23 2. 37 2.48 2.53 2.21 2. 15 2. 24 2.17 
2 2.30 2.67 2. 52 2.62 2.75 2. 46 2 . 55 2.64 

H-2 3 2.45 2.44 2.63 2.47 2.43 2.04 2 . 41 2.16 
4 2.34 2.28 2 . 78 2.69 2.39 2 . 42 2.52 2. 77 

l 2.56 2.79 2.56 3.41 2.35 2. 36 2.33 2.52 
2 2. 67 2 . 12 2.11 2.21 2.83 2.53 2.16 2.13 

H-3 3 2.88 2. 57 2.74 2. 96 2.89 2.75 2.32 2.67 
4 2.67 2.51 2.44 2. 90 2.42 2.54 2.29 2.65 

l 2. 9l 3.02 2.84 3.60 2 . 67 3.04 2. 36 3. 35 
2 2.98 3.22 2.66 2.79 3.04 2. 77 2.07 2.89 

H- 4 3 2.80 2. 89 2 . 77 3.41 2.95 2 . 83 2 . 64 3.13 
4 3. 06 2.59 2. 63 3.22 2 . 70 2 . 88 2 . 68 2.78 

l 2.92 3 . 08 2.53 2.60 2. 74 2. 77 2.59 2 .30 
2 3.08 3.24 2.93 2 . 73 3.30 3.69 2 . 93 2.70 

H-5 3 3.17 3.07 3 . 19 2 . 94 3 . 35 2. 40 3.11 2 . 88 
4 3.14 2 . 73 2. 78 2.81 2.87 3.07 3.21 2.50 

Note: For abbreviations, see footnote of Table 63 . 
,_. 
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Tabl e 67 . Aver age pho sphorus con t ent per harvest as in f luenced by year, irrigation , and nitrogen 
ferti li zation fo r C-1 clipping f r equ ency 

Pe r c e nt 
I - 1 I - 2 

Harves t Ye ar F- 1 F- 2 F- 3 F-4 F- 1 F- 2 F-3 F- 4 

1 .216 .260 . 207 .200 . 216 .2 60 .207 .200 
2 .293 . 293 . 283 .299 .284 .31 7 .287 . 297 

H- 1 3 .434 .274 .3 27 . 288 . 398 .341 .361 .404 
4 . 379 . 333 . 335 . 284 . 345 . 291 .301 .294 

1 . 247 . 264 . 256 .209 .304 . 327 .236 .224 
2 . 545 . 355 . 317 . 321 .420 .439 .378 .342 

H- 2 3 . 490 . 405 .319 . 360 .480 .377 . 32 1 .299 
4 .51 7 .464 . 402 .352 . 582 .482 . 421 .4 21 

1 . 433 . 493 . 411 . 348 .486 .387 .356 .313 
2 . 393 . 333 .395 . 278 .392 . 446 . 430 .3 07 

H- 3 3 . 321 . 327 . 501 . 262 . 362 . 369 . 397 .300 
4 . 513 .555 . 563 . 318 . 533 .495 . 605 .385 

1 . 499 .227 .418 .380 . 385 .373 .413 . 256 
2 . 438 . 428 . 572 . 291 .458 .468 . 482 .389 

H- 4 3 . 552 .520 . 480 . 492 .545 . 544 . 631 .49 7 
4 .427 . 534 . 547 . 322 . 525 . 462 . 591 . 350 



Table 67 . Continued 

Percent 
I-3 I-4 

Harvest Year F-1 F-2 F- 3 F-4 F- 1 F- 2 F- 3 F- 4 

1 . 216 .260 .207 .200 .216 .2 60 .207 .200 
2 .259 . 271 . 292 .274 . 352 . 297 .304 . 289 

H-1 3 . 249 . 370 .513 . 452 . 460 .292 .333 .360 
4 .345 .278 . 294 .293 .331 . 325 .343 . 277 

1 .289 . 286 . 274 .253 .366 .391 .293 .32 2 
2 . 546 .431 .409 .401 .491 . 543 .369 . 312 

H- 2 3 .498 .419 . 335 .293 . 485 . 447 .345 .350 
4 .528 .534 .413 . 359 . 583 . 548 .481 .369 

1 .335 .375 .342 .368 .358 .502 .513 . 390 
2 . 403 . 428 .446 . 325 .453 .453 . 430 .329 

H-3 3 .427 .373 .359 .504 . 406 .370 .366 . 377 
4 . 505 .485 .587 .341 .534 .507 .573 .400 

1 .439 .240 .547 .278 . 429 .389 .424 .371 
2 . 415 .51 9 .547 .430 . 498 .390 .541 . 363 

H-4 3 .496 . 565 . 629 .3 71 .557 . 553 .626 . 448 
4 .454 .488 .552 .294 . 473 .462 .483 . 366 

Note: For abbreviations, see footnote of Table 63. 



Table 68. Average phosphorus content per harvest as influenced by year, irrigation and nitrogen 
fe rtili zation for the C- 2 clipping frequency 

Percent 
I-1 I-2 

Harvest Year F-1 F-2 F- 3 F- 4 F- 1 F-2 F-3 F-4 

1 .213 . 220 .293 2.80 . 213 .220 .293 .280 
2 .303 .377 .301 .341 . 347 .278 .318 .329 

H-l 3 . 403 . 346 . 356 .385 . 427 .273 . 445 .305 
4 . 353 . 348 . 318 . 320 .379 .352 .33 2 .330 

l .251 .327 . 234 .267 .303 .306 .233 .286 
2 .336 .415 .234 .393 . 433 .401 .430 . 427 

H-2 3 . 407 .383 .358 .404 . 443 . 399 .43 7 .333 
4 .545 . 547 . 465 .480 .477 .613 . 514 .421 

1 .320 . 367 . 358 .323 . 287 . 415 . 328 .280 
2 .343 .341 .306 .303 . 380 . 519 .223 .329 

H-3 3 .300 .350 . 354 .248 . 440 . 335 .468 . 293 
4 . 491 .478 . 590 . 417 .550 .627 .619 .368 

1 . 313 .359 . 366 . 327 .451 .414 . 427 .486 
2 .415 .447 . 626 .386 .341 .507 . 579 .410 

H- 4 3 . 569 .536 .601 . 471 . 730 . 693 .794 .495 
4 . 549 . 590 .657 .473 . 623 .647 . 655 .363 

1 .432 . 450 . 485 .332 .417 . 454 . 644 .4 20 
2 . 278 . 284 .357 .280 . 277 . 279 . 333 . 314 

H- 5 3 . 477 . 493 .494 .431 .560 . 593 .647 . 492 
4 .380 .447 . 506 .395 .348 .430 .614 . 373 

.... 
Oi 

"' 



Table 68. Continued 

Percent 
l - 3 I-4 

Harvest Year F- 1 F- 2 F- 3 F- 4 F- 1 F- 2 F-3 F- 4 

1 . 213 .220 .293 .280 .213 .220 .293 . 280 
2 .289 .304 .342 .340 .321 .366 .320 .300 

H-1 3 .499 .425 .424 .362 .524 .619 .234 .348 
4 .383 .334 . 337 .519 . 387 .351 .325 .406 

1 .281 .279 . 271 . 270 .410 . 413 .228 .373 
2. . 380 .392 .406 . 454 . 441 .396 . 414 .434 

H- 2 3 .393 . 476 . 363 .351 . 418 .437 .351 .343 
4 .540 .558 . 422 .389 . 594 .510 . 548 .470 

1 .373 . 402 .392 .349 .470 .440 .389 .300 
2 . 399 .299 .414 . 323 .386 .388 .370 .325 

H- 3 3 . 417 .360 .393 .312 . 423 .404 . 321 .334 
4 .523 .514 .467 . 353 .608 .551 . 492 .428 

1 . 441 . 370 .555 .357 . 520 . 609 .632 .282 
2 . 491 .445 .578 . 492 .575 .540 .589 .370 

H- 4 3 . 561 . 581 . 712 .429 .609 .614 .623 . 482 
4 . 501 . 534 .638 . 344 .581 .514 .440 .430 

l . 431 . 432 . 491 . 273 .534 . 611 .585 .440 
2 .291 .314 .355 . 327 . 279 .293 .309 .302 

H- 5 3 . 486 .493 . 577 .417 . 495 .429 . 479 .504 
4 .421 .467 .521 .389 .493 .435 .508 .440 

Note: For abbr evia t ions, see foo t note of Table 63. .... 
"' "' 



Table 69. Average potassium content per harvest as influenced by year , irrigation and nitrogen 
fertilization for C-1 c lipping frequency 

Percent 
1 - 1 1-2 

Harvest Year F-1 F- 2 F-3 F-4 F-1 F- 2 F-3 F-4 

1 1.13 1.16 1.14 1.17 1.13 1.16 1.14 1.17 
2 1.65 1.71 1. 75 1. 78 1.62 1.58 1. 73 1.68 

H-1 3 1.54 1.54 1.65 1.45 1.54 1.60 1.50 1.50 
4 1. 74 1.87 1.55 1. 79 1.69 1.85 1.82 1. 74 

1.13 1.47 1.61 1. 79 1. 74 1. 62 1.87 1. 75 
2 1.51 2.12 1. 79 1.82 2.00 1.92 1.43 1.89 

H-2 3 1.81 1.83 1.89 1.88 1.95 2.00 1.69 1.83 
4 0.81 1.15 0.82 0.76 1.18 0.83 0.79 1.16 

1 1.34 1.56 1.41 1. 69 1.43 1.42 1.32 1.55 
2 2.46 1.98 1.93 2.05 2.08 .238 .245 2.23 

H- 3 3 1. 66 1. 68 1. 31 1. 60 1.59 1. 68 1. 74 1.55 
4 1. 23 1.04 1. 23 1.20 1.06 1. 22 1.02 1. 20 

1 1.47 1. 75 1. 67 1.59 1.52 1.49 1.54 1. 60 
2 1.15 1.12 1.16 1.16 1.13 1.13 1.13 1.14 

H-4 3 1.03 1.03 1. 26 1. OS 1.03 1.04 1.03 1.05 
4 1. 20 1. 25 1. 25 1.18 1. 24 1. 22 1. 25 1. 23 



Table 69. Continued 

Percent 
I - 3 I-4 

Harvest Year F- 1 F- 2 F-3 F- 4 F-1 F- 2 F-3 F-4 

l 1.13 1.16 1.14 1.17 1.13 1.1 6 1.14 l. 17 
2 l. 60 l. 76 1.63 l. 80 1.71 l. 56 l. 66 2.02 

H- 1 3 1 . 64 1.40 1.40 1.47 1.39 l. 59 l. 57 1.38 
4 1.72 1.87 1.77 1.53 1.81 l. 87 1.82 l. 88 

l l. 76 1.86 1.82 l. 83 1.56 l. 72 l. 78 l. 84 
2 1.90 l. 76 1.59 l. 64 1.58 l. 21 2. 13 l. 90 

H- 2 3 . 1.77 l. 97 1.52 1.83 1.91 l. 94 l. 95 l. 89 
4 0.81 0.82 0.81 0 . 75 0 .82 0.82 0 . 81 0 . 81 

1 1.21 1.42 1.45 1.62 1.06 l. so 1.50 1.45 
2 2.44 2.17 2.18 2.10 2.06 2.35 2.22 2.20 

H-3 3 1.23 1.63 1.56 1.48 1.38 l. 73 l. 66 1.41 
4 1.41 1.41 l. 24 1.18 1.45 l. 21 1.43 1.05 

l 1.56 1.57 1.57 1.89 1.45 l. 55 1.77 1.53 
2 1.19 l. 20 1.17 1. 17 1.18 1.14 1.16 1.40 

H- 4 3 . 1.03 1.03 1.04 1.00 1.04 1.04 1.02 1.07 
4 1.22 1.23 1.24 l. 07 1.37 1.23 l. 22 1.30 

Note: For abbreviations, see foo tnote of Table 63 . 



Table 70. Average potassium content per harvest as influenced by year, irrigation and nitrogen 
fertilization for the C- 2 c lipping frequency 

Percent 
l-1 I-2 

Harvest Year F- 1 F- 2 F-3 F- 4 F- 1 F- 2 F-3 F- 4 

1 1.16 1.14 1.17 1.16 1.16 1.14 1.17 1.16 
2 1.54 2 . 13 1.83 1. 78 1.88 1. 96 1. 90 1.92 

H-1 3 1.48 1.44 1.44 1.60 1.59 1.48 1.49 1.51 
4 1.83 1. 79 1.97 1.89 1.88 1.83 1.98 1. 63 

1 1. 61 1.52 1.82 1. 77 1. 75 1.92 2.00 1. 79 
2 1. 83 1.58 2.21 1. 65 1.54 2 . 05 2.18 1.45 

H-2 3 1.93 1.85 1.72 1. 90 1.86 1.84 1.93 1. 79 
4 1.19 1.19 .84 .83 .84 1.11 1. 25 .81 

1 1.50 1. 28 1.58 1. 44 1.32 1.36 1. 54 1. 70 
2 l. 53 1. 74 1.56 1. 79 1.77 1. 74 1.48 1.88 

H-3 3 1. 82 1. 76 1. 73 1. 63 1. 78 1.81 1.83 1.63 
4 1.47 1.25 1.20 1.12 1. 25 . 94 1. 51 1.17 

1.34 1.38 1.34 1.46 1.39 1.56 1.59 1. 70 
2 1.22 1. 20 1.20 1.22 1.17 1.19 1.52 1.18 

H- 4 3 1.05 1.04 1.03 1.04 1.06 1.07 1.06 1.04 
4 1.35 1.36 1.33 1.40 1.35 1.34 1. 23 1. 24 

1 1.48 1.47 1. 50 1.36 1. 63 1. 67 1. 74 1. 75 
2 1.1 7 1.40 1.41 1.55 1. 27 1.16 1.47 1.59 

H- 5 3 1.05 1.07 1.04 1.06 1.08 .98 1.07 1.06 
4 1. 21 1.1 7 1. 25 1.00 1.12 1. 26 1.35 1.00 

.... __, 
N 



Table 70 . Continued 

Percent 
I -3 I -4 

Harvest Year F-1 F-2 F- 3 F - 4 F-1 F-2 F- 3 F - 4 

1 1.16 1.14 1.17 1.16 1.16 1.14 1.17 1.16 
2 1.56 1.85 1.62 1. 68 1. 90 2.12 2.00 1.61 

H-1 3 1. 68 1.61 1. 61 1.48 1.40 1.43 1. 61 1.48 
4 1.89 1.91 1.88 1. 75 1.85 1.89 1.81 1.36 

1 1. 70 1. 67 1. 79 1. 77 1.90 1.58 1. 97 1. 64 
2 1. 59 1.59 1.64 1. 56 1.97 1. 70 2.06 1.56 

H- 2 3 1. 95 1.83 1.95 1 . 85 1.94 1. 91 1. 79 1.32 
4 .84 1.19 .81 .7 9 1. 20 .82 1.19 1.19 

1 1.47 1.42 1. 67 1.44 1.49 1:48 1.44 1.46 
2 1. 75 1. 60 1.87 1. 74 1. 73 1. 92 1.90 1. 87 

H-3 3 1. 69 1. 74 1. 68 1.56 1. 74 1. 66 1.72 1. 74 
4 1. 23 1.44 1.41 1. 24 1. 78 1.67 1. 24 1.41 

1 1. 43 1.41 1.48 1.60 1.47 1.59 1. 57 1. 73 
2 1. 21 1. 20 1. 21 1. 23 1.53 1. 22 1. 22 1. 23 

H-4 3 1. 05 1.02 1.05 . 99 1.33 1.04 1.02 1.07 
4 1. 32 1.35 1.32 1.15 1.36 1.30 1.17 1.15 

1 1.50 1.28 1. 48 1. 27 1.54 1.56 1. 51 1.58 
2 1.52 1.57 1.56 1. 70 1.32 1.48 1.12 1. 70 

H-5 3 1. 06 1.04 1.06 1.05 1.07 1.05 1.03 1.04 
4 1.15 1.25 1. 31 1. 01 1.30 1.11 .96 1.48 

-Note:: For ·abbrev·iatiOns ' · seec fo o t no t e o f Tal;le 6~ ._ >-' __, 
w 



Tabl e 71 . Average calcium content per harvest as influenced by year , irrigation, and nitrogen 
fertilization for C-1 clipping f r equenc y 

Per cent 
l-1 I-2 

Harves t Year F-1 F- 2 F- 3 F-4 F- 1 F-2 F- :l F- 4 

1 1. 35 1.15 1.11 1.19 1.35 1.15 1.11 1.19 
2 0 . 61 0.52 0.35 0 . 32 .57 . 63 .42 . 45 

H- 1 3 1. 26 .87 . 89 . 76 .99 . 83 . 77 .74 
4 . 50 . 51 . 44 .5 1 . 43 . 54 . 49 . 49 

1 1.26 1. 76 1. 06 0 .92 1.32 1.06 2 . 19 o. 79 
2 1.03 0 . 75 0. 50 0.43 .93 .65 .70 1.01 

H-2 3 1.13 . 99 .99 1.04 1. 35 1.19 . 94 1.03 
4 .93 .75 . 69 . 63 .81 .65 . 65 . 67 

1 1. 65 1.03 1.55 0 . 71 1. 70 1.51 1.38 0 .96 
2 1.32 0.81 0 . 50 0.66 1.06 1.00 . 86 .48 

H-3 3 . 99 1.18 1.19 .83 .95 1.12 1.19 . 97 
4 1.19 .97 1. 29 .81 1.00 1.1 2 .94 . 80 

1 1. 62 1.71 1.38 0.97 1.80 1. 60 1. 33 1. 07 
2 1.43 1.34 1.03 0.69 1.08 1. 22 1. 31 .78 

H-4 3 1. 31 1.48 . 95 .81 1.33 1.42 1. 20 .82 
4 .77 .68 .57 .41 . 65 .73 . 55 .44 



Table 71. Con tinued 

Pe rcen t 
1- 3 I - 4 

Harvest Year F- 1 F- 2 F- 3 F- 4 F- 1 F- 2 F-3 F- 4 

1 1.35 1.15 1. 11 1.19 1.35 1.15 1.11 1.19 
2 1.06 .54 . 43 .41 .62 . 76 .55 .3 2 

H- 1 3 1. 27 1. 26 . 81 .77 1. 51 1.06 .90 .65 
4 1. 01 . 43 .52 . 62 1.10 . 56 .47 .5 2 

1 1.30 1.00 0.85 0 . 89 1. 07 1.14 0. 74 0. 72 
2 .83 .86 .6 6 . 68 1. 22 . 79 .60 .57 

H-2 3 1.41 1. 28 .8 7 1.05 1.41 1.42 1. 07 .98 
4 .83 . 72 . 53 .66 . 77 . 79 .76 .62 

1 2.06 1.54 1.33 0.88 1.07 1.40 1.11 1.06 
2 1.30 . 86 . 62 . 54 1.07 1.05 .64 .53 

H-3 3 1.46 1.18 1.03 .99 1.16 1.02 1.06 .82 
4 1.30 1.07 .97 .77 1.22 1. 26 1. 04 .72 

1 1.55 1. 76 1.56 0 . 95 1.58 1.83 1. 14 1.12 
2 1.62 l. 21 1.21 .64 1.38 1.64 1.14 . 50 

H- 4 3 1.42 1. 24 1.12 .74 1. 42 1.43 1.41 . 71 
4 .84 . 61 . 61 . 56 . 75 . 76 .81 . 40 

No t e: For abbreviations , see foo t note of Tab l e 63. 



Table 72. Average calc ium content per harves t as influenced by year, irr i ga tion and nitrogen 
fe rtilization for the C- 2 c l ipping frequency 

Percent 
I -1 I - 2 

Harvest Year F- l F- 2 F-3 F- 4 F-l F-2 F-3 F- 4 

1 2.79 1.12 1.15 l. 32 2. 79 1. 12 1.15 l. 32 
2 1. 08 .38 .55 .49 .45 .53 .45 .34 

H-1 3 1.49 l. 23 . 65 .94 1.56 . 71 . 83 . 77 
4 . 50 .52 .54 . 45 .46 .45 .56 .48 

1 1.12 l. 31 .97 .92 1.37 . 95 . 61 .85 
2 1. 00 .99 .42 . 50 1. 29 1. 13 .so 1.00 

H-2 3 1. 42 .97 . 87 l. 02 l. 37 l.ll 1.04 .92 
4 . 80 . 77 . 56 . 62 .75 .54 .55 .65 

l 1. 31 .99 1.35 1. 58 1.80 l. 37 1.13 . 67 
2 .85 .65 . 54 . 47 . 60 .61 l. 39 . 35 

H- 3 3 1. 08 . 87 . 68 1.08 . 96 . 97 1.02 .92 
4 l. 07 . 76 . 84 . 84 . 80 .72 .92 . 92 

1 l. 34 1.28 1.23 1.09 1.82 1. 42 1.53 1.17 
2 1.34 1.26 . 96 . 65 1.56 1. 15 1.00 l. 12 

H-4 3 1. 06 1.01 1.03 1.87 1.04 1.03 1.04 . 85 
4 . 51 . 51 .43 . 65 .50 . 50 . 67 . 40 

1.56 1.46 1.48 1.34 l. 29 1.07 1.05 . 86 
2 . 73 l. 21 1.15 l. 02 1.33 .87 l. 01 . 88 

H-5 3 1. 15 1.10 l. 18 .94 1.17 1.14 1.10 . 84 
4 1.35 1.40 l. 22 .91 l. 57 l. 29 1.30 .99 

...., 

"' 



Table 72. Continued 

Percent 
1 - 3 1 - 4 

Harves t Year F- 1 F- 2 F- 3 F-4 F-1 F-2 F-3 F-4 

1 2.79 1.12 1.15 1.32 2.79 1.1 2 1.15 1. 32 
2 .82 .62 . 74 . 46 . 67 .43 .48 . 63 

H-1 3 1.58 .83 .86 .92 1.46 . 9 6 1.09 1.06 
4 .58 .51 .54 .66 .47 . 4 7 .57 .53 

1 1. 23 1.15 .85 .84 .82 1.18 .60 .90 
2 . 93 . 97 .92 .88 1.08 .85 . 90 .80 

H- 2 3 1.44 .97 1. 31 1.16 1.80 1.48 .89 .90 
4 .84 . 66 . 65 .62 . 83 .80 .86 .79 

1 1.41 1.33 . 86 1. 39 1.30 1.16 1.15 1.12 
2 .68 1.16 .54 .66 . 84 .71 .49 .42 

H-3 3 l.ll 1.03 1. 20 1.04 1.02 . 87 1. 96 .91 
4 1.05 .95 . 69 .91 .95 1.01 1.08 .61 

1 1 . 67 1.89 1.31 1.14 1.66 1. 62 1.36 1.06 
2 1. 29 1.38 1.14 . 65 1.35 1. 24 1.05 .63 

H-4 3 1.42 1. 16 1.14 . 87 1.16 1. 37 1. 29 1.04 
4 .70 . 51 .52 . 42 . 57 1. 69 . 74 . 62 

1 1.56 2.06 1.42 1. 70 1. 48 1.34 1. 29 1.02 
2 1.44 1. 23 1.14 1.02 1.48 1.32 1.08 .77 

H-5 3 1. 21 . 96 1. 24 .83 1.33 1.46 1.35 . 81 
4 1. 60 1. 39 1.23 . 95 1.65 1.71 1.72 .75 

Note : For abbreviations, see footnote of Table 63. 

"' "' 



Tabl e 73 . Average copper conte~t per harvest as influenced by year, irrigation and nitrogen 
fe r til i za t ion for C- 1 cl ipping frequency 

Parts er mi l l ion 
I - 1 I-2 

Jiarvest Year F- l F-2 F-3 F- 4 F-1 F- 2 F- 3 F-4 

1 9.9 14.0 11.7 12 . 9 9.9 14.0 ll. 7 12.9 
2 4 . 3 4 . 8 3.9 5 . 1 4 . 8 3.5 4.2 4.8 

H-1 3 28.7 11.8 14 . 1 12.0 9 . 9 7.8 7. l 6.8 
4 3 . 8 3 . 4 1>.1 4.4 4.1 4.2 3.8 4.0 

l 6 . 9 2.2 21o.5 6 .2 7. 7 6 . 4 9.8 4.1 
2 3. 7 5.4 8 . 5 5 .7 5.4 5.3 10 . 1 5.0 

H-2 3 6 . 6 5.8 6 . 9 6.6 7 . 4 5 . 1 7.3 8 . 5 
4 4 . 8 5.7 5 . 1 5 . 4 6.1 4 . 9 5.5 6.0 

l 8 . 2 11 . 5 4 . 7 10.9 10.0 7.7 6.4 7 . 9 
2 6 . 0 5 . 8 5 . 4 6 . 4 6.7 6.6 6.6 9.6 

H- 3 3 6 .4 8 . 1 6 . 8 9.0 9 . 8 5.6 6.1 7 .0 
4 7 . 0 7 . 2 6 . 1 7 . 7 7.1 6.2 7 .8 7 . 3 

1 15. 7 15 .1 13. 8 18 . 7 16 . 4 9 . 9 9 . 2 15.5 
2 12.0 12 . 5 17 . 2 12.8 19 . 0 21.1 13.7 13.1 

H- 4 3 6 . 3 6 . 5 6.0 7 .l 5 . 8 6 .5 6.6 6.8 
4 6.6 6 .1 5 . 8 6 . 4 6 . 7 6 . 8 6.3 7.4 



Table 73. Continued 

Parts er million 
l - 3 l-4 

Harvest Year F-1 F- 2 F-3 F-4 F-1 F-2 F-3 F-4 

1 9 . 9 14.0 11.7 13 . 0 9.9 14.0 11.7 12.9 
2 7 . 0 4.4 3.7 7 . 5 5 . 6 4:4 4 . 5 5.4 

H-1 3 13 . 7 7 . 4 7 . 6 8 . 5 6 . 0 9.6 7.4 9.6 
4 8 .4 4 .2 4 .1 3 . 5 4 . 1 5.7 4.0 3.8 

1 10.8 8.6 6 .3 7.5 3.1 3.7 5.7 4.3 
2 5 . 5 9 . 4 7 . 2 5 . 0 5.3 10.3 6 . 3 5.4 

H-2 3 5.9 5.8 6.8 8 . 9 6 . 0 7.1 8.1 8.4 
4 4.8 4.9 5 . 0 5.1 4.9 4 . 4 4.6 4.8 

1 4 . 6 10.4 11.6 7 . 6 8.7 8 . 4 7.9 7.8 
2 6.4 6 . 7 5 . 6 6 . 9 5 . 7 6 . 8 5.4 5.9 

H-3 3 6 . 0 6.5 6 .9 7 .7 7 . 3 7.9 5.9 6.0 
4 7.2 7.0 6.7 7 . 8 6 . 2 5.9 5.7 7.4 

1 16.2 9.5 14 .0 14.0 19.0 9.4 11.2 12.5 
2 12.5 12 .0 13.6 13.3 11.2 13.8 10.2 13.8 

H-4 3 6.9 6 .0 5.9 7.3 7.4 6.8 5.4 6.9 
4 6 . 7 5 . 8 6.5 6. 3 5.9 5.6 4.3 7.3 

No t e : For abhreviations 1 see footnote of Table 63. 



Table 74 . Average copper content per harvest a s influenced by year, irrigation and nitrogen 
fertilization for the C-2 clipping frequency 

Parts er million 
I-1 I-2 

Harvest Year F-1 F-2 F-3 F-4 F-1 F-2 F-3 F-4 

1 10 . 5 12.9 12.3 12.9 10.5 12.9 12.3 12.9 
2 4.5 5.5 3.9 4.6 3.8 4 . 5 4.8 3.7 

H- 1 3 3.9 8 .5 12 . 8 9 . 4 6 .4 6.8 8. 7 15.2 
4 3.9 4.0 4.0 4.2 5.2 3.7 4.5 4 . 0 

6 . 6 5 . 8 9 . 0 5.6 3 . 5 2.1 9.9 5.3 
2 5.4 4 . 9 5.7 9.5 4. 7 5.5 5.9 8.8 

H- 2 3 7.6 6.4 7.7 6.7 6.3 7.4 8 . 6 8.2 
4 6.2 6.4 4. 9 4.7 4 . 7 6.2 6.6 5.2 

1 11.0 8.2 8.5 10.7 7 . 2 7.5 12.2 ll .5 
2 6.0 5 . 5 4 . 4 6.2 6.2 6 .4 3.7 5.6 

H-3 3 7. 7 8 .4 9.5 7 .3 9.9 8.4 7.4 7.5 
4 5.2 7.3 6.8 8 .1 6.6 6.1 6.4 8.0 

1 13 .7 ll. 6 17 . 3 15 . 8 17.0 17.3 17.3 13.1 
2 12.4 ll.8 15.3 14.5 12.0 12 .9 12 . 9 12.5 

H-4 3 6 . 7 6.3 6 . 2 6 .8 5.9 7.0 6.4 8.0 
4 7 . 0 5.8 7.2 7.1 5 . 7 5.6 8.4 7.9 

1 18. 0 11.6 15.9 17 . 8 10.4 12.2 10.1 10 . 7 
2 4.3 7 . 0 8.0 6.3 8 .3 7 .1 9.8 6.2 

H- 5 3 7 . 1 8 . 5 7 .4 7.9 8.0 7.3 8.0 8.2 
4 7 . 7 5 . 7 7 . 9 7.4 7 . 0 7 . 0 6 .6 8.5 

,.. 
00 
0 



Table 74 . Continued 

Part s er mi ll ion 
I -3 I-4 

Harvest Year F-1 F- 2 F- 3 F- 4 F- 1 F- 2 F-3 F-4 

1 10 . 5 12.9 12 . 3 12.5 10.5 12.9 12. 3' 12.9 
2 4.0 5.3 4.2 5. 2 4.0 4.9 8.9 4.3 

H-1 3 10.2 18.4 8 .4 14 . 4 6.9 12.7 10.2 8.8 
4 ' 3 .6 4.1 4.1 4 . 0 4 . 1 4.4 4.4 4.0 

1 7.1 6 . 9 7.5 7.1 13.1 4.7 11.1 18 . 5 
2 4.6 5.4 4.4 5.9 5.5 9.5 6.4 4.5 

H-2 3 6. 3 5.9 7.3 6.9 6 .1 6 . 3 9.1 9.1 
4 5 . 0 6.6 5.2 5 . 2 5.4 5 . 2 6.1 5 .3 

1 7.8 8.2 11.1 7. 8 11.5 12.0 13.4 9.8 
2 6.3 5.1 6.5 6.9 5 . 0 5 . 4 5.7 7.7 

H-3 3 6.6 6 . 0 4 . 9 7 .o 5.4 7. 1 5.5 8.8 
4 7 . 0 6.9 6. 1 6 . 1 5 . 8 6.6 5.8 5.6 

1 15 . 7 15.6 16 . 1 18 . 4 14 . 5 18.8 18.2 20 .9 
2 11 . 5 15 . 8 11.9 12.3 11.7 13.2 11.7 12.7 

H-4 3 6. 4 5 . 9 6 . 6 8.0 6 .2 6 . 5 6.1 6.9 
4 5.7 6 . 2 5.9 7.0 6.1 7. 2 6 .9 6.8 

1 15.3 12.0 12 . 5 12 . 9 5 . 7 15.2 13.2 12 . 6 
2 11.3 8 . 7 9 .0 7. 1 6.7 9.9 7.0 7. 8 

H- 5 3 8 . 1 8 . 4 8.7 8 . 2 7.6 8 . 1 7 . 9 7.9 
4 7. 4 6. 9 6.7 8.4 6.4 6.4 7. 7 6.5 

Note: For abbreviations, see foo tnote of Table 63 . 
.... 
co .... 



Tabl e 75. Average iron content per harvest as influenced by year, irrigation and nitrogen 
ferti l izat ion for C-1 clipping frequency 

Par ts er million 
I-1 I - 2 

Harvest Year F- 1 F-2 F-3 F-4 F-1 F-2 F- 3 F-4 

1 139 103 121 131 138 103 121 131 
2 76 120 69 96 69 42 73 46 

H-1 3 197 88 48 83 82 61 47 43 
4 80 68 93 61 75 43 36 249 

169 281 205 139 175 202 56 90 
2 82 135 90 84 95 87 79 72 

H-2 3 113 106 88 81 124 109 92 84 
4 182 165 123 102 152 107 101 100 

296 162 150 124 199 126 122 115 
2 161 150 96 116 196 204 192 130 

H-3 3 137 189 162 123 146 128 99 117 
4 143 143 120 99 100 112 91 109 

1 226 181 172 170 226 252 232 197 
2 281 169 175 218 115 177 144 117 

H-4 3 132 164 67 97 257 240 113 95 
4 120 115 101 72 107 94 72 66 



Table 75. Continued 

Parts er million 
I-3 l-4 

Harvest Year F-l F- 2 F-3 F- 4 F-l F-2 F-3 F-4 

l 139 103 121 131 139 103 121 131 
2 89 78 77 75 85 51 74 88 

H-l 3 93 133 45 48 63 48 48 67 
4 112 50 57 7l 73 66 53 52 

l 83 89 99 145 127 120 87 84 
2 134 112 62 59 70 99 96 67 

H-2 3 119 128 95 101 125 93 83 79 
4 99 108 88 81 121 97 81 78 

l 185 161 171 83 85 111 114 107 
2 121 126 99 73 152 178 104 88 

H- 3 3 122 90 110 134 128 102 108 87 
4 117 112 95 79 117 103 110 83 

1 227 225 191 167 302 252 127 260 
2 201 144 169 127 181 148 126 115 

H-4 3 117 116 124 83 116 111 121 88 
4 84 95 84 69 113 78 75 47 

Note: For abbreviations, see footnote of Table 63. 



Table 76. Average iron content per harvest as influenced by year, irrigation and nitroge n f ertilization 
for the C-2 clipping frequency 

Parts er million 
I-1 I - 2 

Harvest Year F-1 F-2 F- 3 F- 4 F-1 F-2 F-3 F-4 

1 107 115 95 123 107 115 95 123 
2 64 90 82 87 71 63 70 90 

H- 1 3 96 96 103 104 97 72 86 105 
4 61 78 46 51 55 54 59 58 

1 214 411 189 204 173 102 66 136 
2 111 71 103 559 84 89 98 67 

H- 2 3 106 85 88 84 107 83 79 72 
4 146 134 95 92 102 91 96 103 

1 137 112 180 207 159 152 142 137 
2 109 93 98 98 113 102 36 89 

H-3 3 111 115 75 108 98 111 104 107 
4 95 88 128 116 93 97 104 82 

1 157 159 114 135 105 101 11 7 284 . 
2 158 121 117 114 178 136 135 109 

H-4 3 124 124 146 121 122 116 101 117 
4 73 65 64 101 66 61 86 57 

314 259 257 306 186 263 246 223 
2 227 180 240 218 105 154 111 116 

H- 5 3 156 148 131 106 148 103 115 91 
4 177 138 179 129 133 190 173 220 

,... 
00 .,. 



Tab l e 76. Continued 

Parts er million 
I-3 I-4 

Harvest Year F-1 F- 2 F-3 F-4 F-1 F-2 F-3 F-4 

1 107 115 95 123 107 115 95 123 
2 64 79 71 61 101 65 102 54 

H-1 3 228 178 62 92 84 63 89 81 
4 53 44 59 62 81 36 66 68 

1 174 191 130 131 94 189 65 121 
2 84 81 66 116 85 118 89 54 

H-2 3 87 88 94 83 77 88 78 88 
4 105 106 113 89 126 129 118 85 

1 165 146 155 162 151 261 160 121 
2 91 113 93 87 100 91 90 89 

H-3 3 133 108 67 80 94 85 105 102 
4 106 1.05 94 78 108 112 73 55 

1 123 135 107 113 137 538 86 107 
2 164 118 138 92 90 110 125 135 

H- 4 3 106 124 102 97 90 127 121 96 
4 66 75 60 51 70 70 80 73 

1 348 380 308 266 284 262 316 319 
2 167 159 155 167 119 ~09 95 93 

H-5 3 137 138 136 91 115 118 191 98 
4 154 161 124 135 122 138 205 102 

No t e: For abbr evia tions, see footnot e of Table 63 . 

.... 
()0. 
V> 



Table 77. Average man ganes e content per harves t as influenced by year , irriga tion and nitrogen 
fertilizat i on for C- l clipping frequency 

Parts er million 
I - 1 I-2 

Harvest Year F- 1 F- 2 F-3 F- 4 F- 1 F-2 F-3 F- 4 

l 59 49 50 45 59 49 50 45 
2 72 54 59 51 67 32 60 29 

H-1 3 126 83 46 78 63 81 72 56 
4 23 26 175 33 18 28 34 32 

l 216 200 156 149 239 179 120 128 
2 40 133 81 70 116 99 47 70 

H- 2 3 133 80 75 87 139 101 95 96 
4 70 38 48 49 59 62 48 43 

l 161 83 107 96 206 176 178 96 
2 132 11 6 95 106 130 153 140 96 

H-3 3 163 154 118 144 203 153 138 166 
4 97 80 53 48 89 55 80 54 

1 181 191 192 155 175 110 160 165 
2 62 74 82 55 86 77 81 57 

H-4 3 86 7l 65 59 86 80 85 64 
4 38 49 45 31 52 45 45 29 



Table 77. Continued . 

Parts er million 
I-3 I- 4 

Harvest Year F-1 F-2 F-3 F-4 F-1 F- 2 F-3 F-4 

1 59 49 50 45 59 49 50 45 
2 63 56 58 48 92 41 72 33 

H-1 3 54 177 42 62 46 49 74 93 
4 26 20 29 28 27 33 16 31 

1 168 170 123 142 174 186 132 117 
2 125 107 49 44 52 79 82 76 

H- 2 3 96 11 2 111 104 128 88 75 111 
4 59 67 53 70 368 58 57 56 

1 128 118 126 67 133 104 149 122 
2 133 143 109 117 132 161 103 92 

H-3 3 90 146 154 141 121 150 171 100 
4 11 42 59 58 33 54 37 67 

1 180 120 166 110 184 167 165 142 
2 57 64 76 55 67 58 82 51 

H-4 3 62 81 77 59 72 68 97 65 
4 32 53 52 33 41 37 38 30 

No te : For abbrevia tions , see foo tnote of Table 63 . 



Table 78. Average manganese content per harvest as influenced by year, irrigation and nitrogen 
fer tilization for the C-2 c l ipping frequency 

Parts er million 
I - 1 I-2 

Harvest Year F-1 F-2 F-3 F- 4 F-1 F-2 F- 3 F-4 

l 29 56 42 46 29 56 42 46 
2 43 58 64 66 78 59 54 82 

H-1 3 69 63 73 74 51 70 67 90 
4 13 111 29 27 26 12 25 16 

l 196 182 145 149 223 116 121 l32 
2 74 56 104 80 42 72 65 42 

H-2 3 114 97 84 96 138 87 85 95 
4 48 41 52 47 61 50 39 52 

135 52 85 138 177 119 87 101 
2 112 112 116 99 134 144 21 99 

H-3 3 136 146 136 126 167 171 164 136 
4 64 25 57 20 70 34 24 61 

131 141 140 132 165 117 154 157 
2 63 71 93 69 57 77 82 58 

H-4 3 80 71 84 64 65 81 76 66 
4 40 38 46 27 46 43 71 32 

l 173 165 120 120 70 119 98 78 
2 158 146 131 89 132 68 88 117 

H- 5 3 80 85 81 71 81 81 84 69 
4 25 40 39 57 30 42 28 58 

..... 
00 
00 



Table 78. Continued 

Parts er million 
I-3 I-{, 

Harvest Year F- 1 F-2 F-3 F- 4 F-1 F-2 F-3 F-4 

1 229 56 42 46 29 56 42 46 
2 45 67 39 339 98 51 91 39 

H-1 3 173 57 59 80 59 49 89 70 
4 17 23 34 14 20 27 22 30 

1 220 156 135 125 206 189 123 135 
2 50 47 40 63 78 99 74 33 

H-2 3 124 114 94 103 108 100 86 107 
4 65 46 55 55 49 58 49 35 

1 140 120 132 129 113 147 154 129 
2 132 67 129 77 94 111 116 100 

H- 3 3 171 158 108 145 122 170 139 143 
4 63 43 24 41 59 24 62 35 

1 170 161 152 136 177 174 170 146 
2 68 72 82 59 90 70 86 58 

H-4 3 75 73 69 95 99 70 64 48 
4 33 41 40 25 37 36 27 45 

1 140 129 136 147 110 160 173 88 
2 140 133 163 124 97 108 116 114 

H-5 3 78 23 81 72 74 62 75 70 
4 38 55 27 76 22 48 41 51 

Note: For abbrevia t ions, see footno t e of Tabl e 63. 
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Table 79. Averaye zinc content per harvest as influenced by year, irrigation and nitrogen 
ferti izat i on for C-1 clipp ing frequency 

Parts er mi l l i on 
I-1 I- 2 

Harvest Year F- 1 F-2 F-3 F-4 F-1 F-2 

1 23 .1 23 .9 23.5 23 . 9 23.1 23.9 
2 10.7 13 . 0 12.0 13.7 10 . 7 12.4 

H-1 3 18.2 68.6 24 . 6 61.7 34.2 31.2 
4 14.3 17.4 14.6 20.2 12.1 16.1 

1 24. 9 37.7 35.7 28 . 3 29 . 0 29.0 
2 9.6 12 . 6 15.3 16 .5 17.5 15.5 

H- 2 3 18.1 15 .4 16.7 14.9 12.9 12.3 
4 15. 7 14.4 17.2 15.9 14.9 16.7 

1 27.6 18 . 3 23. 2 24.0 30 .2 26 . 5 
2 13. 4 15.5 16.4 15.8 16 .2 14 . 4 

H-3 3 18.9 16.6 16 .3 22.7 17 . 5 17 .9 
4 16.2 17.4 16 . 3 17.0 16 .6 18.1 

1 40.0 30.4 27 .0 43. 7 26.8 30.8 
2 24.5 18.9 21.2 19 .4 20.9 21.6 

H-4 3 15.9 16 . 3 21.2 19. 2 17 . 5 17.5 
4 18.3 20.0 17.5 20.4 18 . 4 16 . 6 

F-3 

23.5 
12.5 
21.2 
14.6 

19.2 
17 .7 
15.6 
16.9 

30 .5 
14.6 
18.2 
21.8 

30.2 
18.1 
17.0 
20 . 5 

F-4 

23.9 
6.8 

21.3 
15.0 

26.9 
15.3 
15.2 
15.8 

25.8 
18.7 
22.6 
19. 8 

34 .2 
21.3 
17.5 
20 . 7 
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Table 79. Continued 

Parts er million 
I - 3 I-4 

Harvest Year F- 1 F- 2 F- 3 F- 4 F-1 F-2 F- 3 F-4 

1 23 . 1 23.9 23.5 23.9 23.1 23.7 23.5 23.9 
2 13.9 12.4 18.1 10.9 12 . 9 10.0 11 .4 9.0 

H-1 3 50.2 27.5 14. 7 26.8 11.4 43.5 38.0 45.4 
4 16.3 13.8 12 . 5 15.1 28.1 17.1 17.0 12.6 

1 17.8 20.2 25 . 6 29.0 34.0 26.0 26 . 6 25.1 
2 13.7 16 . 5 18.4 15.1 19 . 1 23.0 15.5 14.4 

H- 2 3 17 . 1 13.3 16 . 8 18.3 17.7 17 . 6 14.0 16.0 
4 14.9 16.1 15.7 15 . 4 16.0 16.6 15 .4 17.8 

1 30.7 31.3 23.4 20 . 3 15 . 3 24 . 9 26 .1 29 . 2 
2 15.1 17.0 17 . 4 16 . 0 17.3 15 . 9 15.0 15.9 

H-3 3 18 . 1 14 . 1 19.7 21.5 17.2 19.9 17.3 18.1 
4 9 . 4 14.9 14.8 20.1 14 . 8 13.5 13.9 16.8 

35.1 36 . 1 27 . 9 27.5 34 . 8 31.3 21.8 40.3 
2 23.3 19 . 5 18.5 19.6 17.6 18.8 22 .5 19.1 

H-4 3 15.9 16 .1 16.4 18.5 17 . 6 17.3 15 . 4 24.8 
4 22 . 7 18.4 21.3 26.7 19.4 19.8 18.5 17.7 

Note: For abbreviations , see foo tnote of Table 63 . 



Table 80. Average zinc content per harvest as influenced by year , irrigation and nitrogen 
fertilization for the C-2 clipping frequency 

Parts er million 
I-1 l - 2 

Harvest Year F-1 F-2 F-3 F-4 F-l F- 2 F-3 F-4 

1 21.3 18 .9 84.9 46 .3 21.3 18.9 84.7 46.3 
2 8 . 2 11.4 l3 .4 13 . 7 11.9 10.5 13.5 15.8 

H- 1 3 15.6 68.1 42.3 27.3 45.2 37.7 38 . 9 70.0 
4 18.1 11.1 15.4 15.9 15.7 14.7 14.0 13.7 

l 26 . 5 48.8 27.3 30.0 24.8 18.7 19.3 28.4 
2 14.5 11.8 14.6 18.2 11.3 14.4 18 . 3 16.0 

H-2 3 l7 . 4 18.6 19 . 9 20.2 l7 . 8 16.3 17.6 18.9 
4 18.8 20 . 0 17.2 16 . 3 16.8 20.5 16 . 8 16.9 

1 21.1 12 . 5 26 , 1 39 . 8 32.3 32 . 2 23 . 6 20. 1 
2 16.0 16.0 14.4 18.3 20 . 1 17.0 14.7 16.1 

H-3 3 21.8 19.1 27 . 1 20.4 22 . 2 22 . 6 21.1 21.3 
4 15.6 16.8 18.1 22 . 0 12 . 8 18.1 12.0 20.2 

l 41.1 40.9 50.1 45.3 27.3 29 . 2 34 . 3 27 .8 
2 18.6 20 . 0 26.3 22.9 18.1 19.4 24.0 21.3 

H-4 3 17.3 16.0 15.6 19.5 l7 . 8 17.4 14. 4 20.1 
4 21.4 20 . 8 20.3 17 . 7 21.0 27.0 23.0 22.1 

l 35.7 28.6 29.7 33.6 20.9 22 . 5 16 . 9 37.9 
2 14.6 16.6 21.1 17.8 21.2 14 . 4 18.2 15.4 

H-5 3 17.4 18.6 16.5 18.6 18.3 18.1 l7 . 8 18.8 
4 16.9 17.4 16.2 16.9 17.3 21.3 19.1 17.2 
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Table 80. Continued 

Parts er million 
l- 3 I - 4 

Harvest Ye ar F-1 F- 2 F-3 F- 4 F-1 F- 2 F-3 F-4 

1 21.3 18.9 84 . 9 46.2 21.3 18 . 9 84.9 46.3 
2 10 . 2 12 . 6 10.3 10 . 9 13 . 1 12.2 15.4 9.0 

H- 1 3 28.0 44 . 0 35 . 9 71.4 14 . 3 13.4 11.7 18.0 
4 15.2 17. 1 16.2 19.2 16.6 16.9 17.8 13.0 

1 28 . 2 34.3 28.1 37.1 18.6 36.6 19.1 36.4 
2 16.7 14.9 14.1 14 . 0 14 . 7 16.1 16.7 12 .2 

H- 2 3 13.7 17 . 2 17.3 18.6 14.1 18.8 16.6 40.8 
4 15.0 16.8 16 .5 16.6 16.8 14.4 17.2 12 .2 

1 22 . 3 23.5 27.7 42.8 29 . 2 27.5 34.0 39.0 
2 15 . 7 17.4 16.5 17 . 8 15.2 16. 7 14 . 9 17.6 

H- 3 3 19.1 19.2 13.3 23.0 11.5 29.9 16.2 26.1 
4 13.6 16. 1 13. 7 17 . 3 11.4 14.5 14. 7 19.2 

1 29.5 32. 0 30.1 39 . 4 35 . 3 33 .4 38.7 40.2 
2 18.4 25.9 19.5 22 . 1 22 . 4 20 . 5 19.3 20.6 

H- 4 3 15 . 8 16. 3 16.7 22 . 3 20.8 16.0 16.3 25.6 
4 18.2 24.9 21.2 24.3 19.8 22.9 19.3 19 .2 

1 25 . 6 31.0 23 . 3 28.1 27.9 27.4 25.6 25.0 
2 15 . 2 21. 8 19.4 19 .6 17.1 27 . 8 15. 7 16.8 

H- 5 3 18.3 18.2 20.2 18 . 7 17 . 9 17.0 17.5 18.2 
4 16.6 18.1 16.2 18 . 5 25.0 15.0 18 .4 16.9 

Note: For abbreviations, see foo tnote of Table 63 . 
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"' w 



194 

VITA 

Vinayak G. Gawai 

Candidate for the Degree of 

Doc tor of Ph ilosophy 

Dissertation: Forage Yie ld and Chemical Composition of an Orchardgrass­
Bromegrass Pasture Mix ture as In f luenced by Clipping 
Frequency, Nitrogen Fertilization and Irrigation Regime 

Majo r Field: Plant Nutrition 

Biographical Information: 

Personal Data: Born a t Raheri, Bk. Maharashtra, India, May 7 , 1934, 
son of Gopalrao and Indira Gawai; married Jul y 10, 1960; t wo 
children--Abhay and Ajay. 

Educa tion: Graduated fr om Government High Schoo l, Buldana, 
Maharashtra, India, in 1952 ; r ecei ved the Bachelor of Sc i ence 
(agr icultur e ) from Nagpur Universi ty in 1957; received Master 
of Science degree from Banaras Hindu University with a major 
in agronomy, in 1959 . 

Professional Exper i enc e: 1961 t o present, Assistant Meteor o l og i s t, 
Agricu ltural Meteorology Division, Poona, India; 1960- 61 , 
Lec turer in Agronomy, Coll ege of Agriculture, Gwalior, India; 
1964 t o present, India Government Scho lar a t Utah State 
Universi t y, Logan , Utah. 


	Forage Yield and Chemical Composition of an Orchardgrass-Bromegrass Pasture Mixture as Influenced by Clipping Frequency, Nitrogen Fertilization and Irrigation Regime
	Recommended Citation

	ScanGate document

