
 

ESTABLISH SOIL AND PLANT TISSUE BORON AND 

ZINC REQUIREMENT FOR COTTON IN 

CALCAREOUS SOILS OF PAKISTAN 
 

 

 

BY 

 

 

 

NIAZ AHMED 

M. Sc. (Hons.) Agri. (Soil Science) 
 

 

 

 

 

 

A thesis submitted for the degree of 

 

 

DOCTOR OF PHILOSOPHY 

IN 

SOIL SCIENCE 
 

 

 

 

 

 

 

UNIVERSITY COLLEGE OF AGRICULTURE 

BAHAUDDIN ZAKARIYA UNIVERSITY 

MULTAN, PAKISTAN. 

2009



 

The Controller of Examinations 

Bahauddin Zakariya University, 

Multan. 

 

 

 

 

 We, the Supervisory Committee certify that the contents and form of the 

thesis submitted by Mr. Niaz Ahmed (91-glm-25) have been found satisfactory 

and recommend that it may be processed for evaluation by the External 

Examiner (s) for the award of the degree. 

 

 

 

 

 

SUPERVISOR     Dr. MUHAMMAD ABID 

       Professor (Soil Science) 

       University College of Agriculture 

       B.Z. University, Multan. 

 

 

 

 

 

 

 

 

CO-SUPERVISOR    Dr. FIAZ AHMAD 

       Scientific Officer 

       Central Cotton Reserch Institute, 

       Multan. 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DEDICATED TO 
 

 

 

 

MY MOTHER (LATE), FATHER (LATE) AND WIFE WHOSE 

PRAYERS AND MORAL SUPPORT BORE FRUIT IN THE FORM OF 

THIS DISSERTATION 



 I 

ACKNOWLEDGEMENTS 

 

I have no words to express my deepest sense of gratitude to Almighty Allah, Who 

enabled me to complete this study. I offer my humble thanks from the core of my heart to 

the Holy Prophet Muhammad (Peace be upon him) who is, forever, a torch of guidance and 

knowledge for the humanity.  

 

I wish to my deepest gratitude to Prof. Dr. Muhammad Abid (Post Doctorate, The 

Ohio State University, Ohio, USA), University College of Agriculture, Bahauddin Zakariya 

University, Multan for his invaluable and inspiring guidance and help provided to me 

throughout my research work and composing this thesis will never be forgotten. 

 

I am also grateful to Dr. Fiaz Ahmad Senior Scientific Officer, Central Cotton 

Research Institute, Multan to his technical guidance and help in carrying out analytical work 

and pertinent suggestions during the write up of this manuscript. 

 

I am extremely thankful to Prof. Dr. Mushtaq Ahmad Saleem, Principal, University 

College of Agriculture, Bahauddin Zakariya University, Multan for technical and moral 

support during research. 

 

The author wishes to extend his sincere thanks to HEC (Higher Education 

Commission, Pakistan) for financial support throughout this study. 

 

I deeply appreciate the inspiration, encouragement, and concern extended by Dr. 

Abdul Rashid, Member Biosciences, Pakistan Atomic Energy Commission, Islamabad 

during the conduct of research work and completion of this dissertation.The author is also 

highly thankful to Dr. Ijaz Ahmad, Senior Scientific Officer, Food and Biotechnology 

Center, PCSIR Laboratories, Lahore for his technical guidance regarding the determination 

of oil, fatty acids and protein contents from cotton seed. I also extend my sincere 

appreciation and thanks to Dr. Muhammad Arif Ali (Ph.D., SupAgro, Montpellier, 



 

II 

France), Assistant Professor of Soil Science who not only helped me by providing recent 

reseasch papers while staying in France but also constant and valuablesuggestions to 

improve the dissertation. 

 

I would like to thanks to all my friends including Dr. Nazim Hussain Labar, 

Associate Professor, Department of Agronomy and Soil Science, Mr. Faiz Ahmad Chadar, 

Additional Collector Customs, Karachi, Mr. Maqsood Jehangir, Additional Commissioner 

Inland Revenu, Karachi, Mr. Iqbal Dara Dayo (SSP), Incharge FC Sindh, Karachi, Mr. Tariq 

Habib, Incharge Engro Laboratory, Multan, Malik Khadim Hussain, Agricultural Officer 

(Lab.), Mr.Khalid Rashid Agricultural Officer (Lab.), Farooq Ahmad, Laboratory Attendant 

and Haji Muhammad Iqbal, Field Assistant for the continuous moral support and 

encouragement during my lengthy and hard period of the research work. 

 

I am also deeply indebted to Mr. Muhammad Hamid and Mr. Asif Iqbal for their 

excellent help in composing the thesis. I also like to pay gratitude to them for their moral 

and spiritual support. Last but not least, I wish to submit my sincere and earnest thanks to 

my affectionate brothers, sister, and brother -in- law (Jam Zahid Abbas), nephews and 

nieces,   wife and son (Muhammad Abdullah Niaz) for their good wishes and prayers for my 

success. 

 

 

 

 

NIAZ AHMED 

 

 



 III 

TABLE OF CONTENTS 

 

ACKNOWLEDGEMENTS ............................................................................................................... I 

TABLE OF CONTENTS ................................................................................................................ III 

LIST OF TABLES ........................................................................................................................... X 

LIST OF FIGURES .................................................................................................................... XIV 

LIST OF PLATES ..................................................................................................................... XVII 

LIST OF ABBREVIATIONS ..................................................................................................... XVIII 

CHAPTER 1 .................................................................................................................................... 1 

INTRODUCTION ............................................................................................................................ 1 

CHAPTER 2 .................................................................................................................................... 6 

REVIEW OF LITERATURE ............................................................................................................ 6 

2.1. Boron as an essential nutrient ............................................................................................... 6 

2. 2. Forms of boron in soil .......................................................................................................... 6 

2.3. Factors affecting boron availability ....................................................................................... 7 

2.3.1. Soil texture ....................................................................................................................... 7 

2.3.2. Soil organic matter ............................................................................................................ 7 

2.3.3. Boron adsorption by oxides of iron and aluminium ........................................................... 8 

2.3.4. Clay content and clay mineralogy ................................................................................. 8 

2.3.5. Temperature ..................................................................................................................... 8 

2.3.6. Soil reaction .................................................................................................................... 9 

2.3.7. Effect of calcium carbonate on boron availability ......................................................... 9 

2.4. Boron in plants ................................................................................................................ 9 

2.4.1. Root growth .............................................................................................................. 9 

2.4.2. Role of boron in cell wall ............................................................................................. 10 

2.4.3. Role of boron in reproduction, pollen germination and pollen tube development .............. 10 

2.4.4. Role of boron in nitrogen fixation ....................................................................................... 11 

2.4.5. Boron role in cell membranes ........................................................................................ 11 

2.5. Boron absorption and its movement in plants .................................................................. 12 

2.6. Boron deficiency ................................................................................................................. 13 



 

IV 

2.6.1. International ................................................................................................................ 13 

2.6.2. Local ............................................................................................................................ 13 

2.6.4. Boron deficiency symptoms in cotton ......................................................................... 15 

2.6.5. Correction of boron deficiency ................................................................................ 16 

2.6.6. Application of boron fertilizer ................................................................................... 17 

2.7. Boron toxicity in crops .................................................................................................. 17 

2.7.1. Visual symptoms ...................................................................................................... 17 

2.7.2. Physiological changes .............................................................................................. 18 

2.7.3. Morphological changes ............................................................................................... 18 

2.7.4. Causes of boron toxicity ............................................................................................ 19 

2.8. Effect of boron on crop productivity .................................................................................. 19 

2.9. Interaction of boron with nutrients ...................................................................................... 21 

2.10. Residual effects of boron fertilizer ................................................................................... 21 

2.11. Critical level of boron ....................................................................................................... 24 

2.11.1. Plants.......................................................................................................................... 24 

2.11.2. Soils ........................................................................................................................... 24 

2.12. Zinc as an essential nutrient ................................................................................................. 26 

2.13. Factors affecting zinc availability ...................................................................................... 27 

2.13.1. Effect of soil pH on zinc availability in soil........................................................... 28 

2.13.2. Soil temperature and light intensity ........................................................................... 28 

2.13.3. Soil moisture .............................................................................................................. 29 

2.13.4. Soil organic matter .................................................................................................... 29 

2.13.5. Factors affecting uptake of zinc by plant .................................................................. 30 

2.14. Zinc in plant nutrition ....................................................................................................... 30 

2.14.1. Protein metabolism .................................................................................................... 30 

2.14.2. Carbohydrate metabolism .......................................................................................... 31 

2.14.3. Auxin metabolism ..................................................................................................... 31 

2.14.4. Reproduction .............................................................................................................. 32 

2.14.5. Membrane integrity ................................................................................................... 32 

2.15. Occurrence of zinc deficiency .............................................................................................. 33 

2.15.1. International ................................................................................................................. 33 



 

V 

2.15.2. Local ........................................................................................................................... 33 

2.16. Symptoms of zinc deficiency in plants ............................................................................ 35 

2.17. The release of zinc over the period ................................................................................... 36 

2.18. Role of zinc in cotton production ..................................................................................... 37 

2.19. Critical nutrient concentration .......................................................................................... 37 

2.20. Zinc interaction ................................................................................................................. 38 

2.21. Residual effect of zinc fertilizer ....................................................................................... 38 

CHAPTER 3 .................................................................................................................................. 41 

MATERIALS AND METHODS ...................................................................................................... 41 

3.1. Experimental site description and soil sampling ................................................................ 41 

3.2. Field experiments ................................................................................................................ 41 

3.2.1. Effect of boron fertilizer on cotton crop ...................................................................... 41 

3.2.1.1. Plant sample collection ......................................................................................... 43 

3.2.1.2. Physiological studies ............................................................................................ 44 

3.2.1.2.1. Chlorophyll content (SPAD) ......................................................................... 44 

3.2.1.2.2. Membrane leakage ......................................................................................... 44 

3.2.1.2.3. Gas exchange characteristics ......................................................................... 44 

3.2.1.3. Collection of data .................................................................................................. 45 

3.2.1.4. Fiber quality parameters ....................................................................................... 46 

3.2.2. Effect of zinc fertilizer on cotton crop ......................................................................... 46 

3.2.3. Residual and cumulative effects of boron and zinc fertilizers on cotton and wheat 

in cotton-wheat system ................................................................................................ 47 

3.2.3.1. Wheat (2005-06) ................................................................................................... 47 

3.2.3.2. Cotton (2006) ........................................................................................................ 47 

3.2.3.3. Wheat (2006-07) ................................................................................................... 48 

3.3. Wirehouse experiment ........................................................................................................ 48 

3.4. Analytical methods ............................................................................................................. 49 

3.5. Internal boron and zinc requirement of cotton crop ........................................................... 49 

3.6. External boron and zinc requirement of cotton crop .......................................................... 49 

3.7. Fertilizer requirement of boron and zinc for cotton crop ................................................... 49 

3.8. Statistical analysis of data ................................................................................................... 52 



 

VI 

CHAPTER 4 .................................................................................................................................. 53 

RESULTS AND DISCUSSION ...................................................................................................... 53 

4.1. Impact of boron fertilizer on cotton .................................................................................... 53 

4.1.1. Biomass production ..................................................................................................... 53 

4.1.2. Reproductive - vegetative ratio .................................................................................... 53 

4.1.3. Plant structure .............................................................................................................. 57 

4.1.4. Fruit production ........................................................................................................... 59 

4.1.5. Gas exchange characteristics ....................................................................................... 62 

4.1.6. Chlorophyll content ..................................................................................................... 65 

4.1.7. Electrolyte leakage ....................................................................................................... 67 

4.1.8. Protein content ............................................................................................................. 69 

4.1.9. Oil content ................................................................................................................... 69 

4.1.10. Fatty acid composition ............................................................................................... 69 

4.1.11. Seed cotton yield and its components ........................................................................ 72 

4.1.12. Seed index .................................................................................................................. 75 

4.1.13. Fiber quality ............................................................................................................... 77 

4.1.14 Relationships between leaf boron content and seed cotton quantitative and 

qualitative characteristics ............................................................................................. 77 

4.1.15. Nutrient dynamics ................................................................................................ 77 

4.1.16. Ions distribution ......................................................................................................... 86 

4.2. Diagnostic criterion for critical level of boron in plant and soil ....................................... 113 

4.2.1. Plant ........................................................................................................................... 113 

4.2.2. Soil ............................................................................................................................. 116 

4.3. Fertilizer boron requirement ............................................................................................. 117 

4.4. Economic analysis for boron fertilizer ............................................................................. 117 

4.5. Residual and cumulative effect of boron in cotton-wheat cropping system ..................... 120 

4.5.1. Wheat ......................................................................................................................... 120 

4.5.2. Cotton ........................................................................................................................ 128 

4.5.3. Boron concentration in plant tissues .......................................................................... 132 

4.5.3.1. Wheat .................................................................................................................. 132 

4.5.3.2. Cotton ................................................................................................................. 136 



 

VII 

4.5.4. Boron uptake .............................................................................................................. 136 

4.5.5. Boron in soil .............................................................................................................. 138 

4.6. Boron toxicity ................................................................................................................... 141 

4.7. Response of cotton crop to zinc fertilizer ......................................................................... 147 

4.7.1. Biomass production ................................................................................................... 147 

4.7.2. Reproductive-vegetative ratio .................................................................................... 148 

4.7.3. Morphological characteristics .................................................................................... 151 

4.7.4. Fruit shedding ............................................................................................................ 153 

4.7.5. Gas exchange characteristics ..................................................................................... 153 

4.7.6. Chlorophyll content in cotton leaves ......................................................................... 156 

4.7.7. Membrane leakage ..................................................................................................... 156 

4.7.8. Protein content in cotton seed .................................................................................... 158 

4.7.9. Oil content and composition ...................................................................................... 158 

4.7.10. Seed cotton yield and its components ...................................................................... 159 

4.7.11. Fiber quality ............................................................................................................. 162 

4.7.12. Relationships between leaf zinc content and seed cotton quantitative and 

qualitative characteristics ........................................................................................... 162 

4.7.13. Nutrient dynamics .................................................................................................... 165 

4.7.14. Distribution of ions .................................................................................................. 171 

4.8. Diagnostic criteria for critical level of zinc ...................................................................... 194 

4.8.1. Plant ........................................................................................................................... 194 

4.8.2. Soil ............................................................................................................................. 194 

4.9. Economics of zinc fertilizer .............................................................................................. 196 

4.10. Residual and cumulative effect of zinc fertilizer on cotton and wheat in cotton-wheat 

rotation ..................................................................................................................................... 196 

4.10.1. Wheat ....................................................................................................................... 196 

4.10.2. Cotton ...................................................................................................................... 204 

4.10.3. Zinc concentration ................................................................................................... 207 

4.10.3.1. Wheat ................................................................................................................ 207 

4.10.3.2. Cotton ............................................................................................................... 209 

4.10.4. Zinc uptake .............................................................................................................. 211 



 

VIII 

4.10.5. Zinc content in soil .................................................................................................. 213 

CHAPTER 5 ................................................................................................................................ 216 

SUMMARY ................................................................................................................................... 216 

LITERATURE CITED .................................................................................................................. 222 

APPENDICES .............................................................................................................................. 270 

PUBLICATIONS .......................................................................................................................... 288 

 



 X 

LIST OF TABLES 

 

 

 

Table 2.1. Interaction of boron with other plant nutrient elements ............................................... 22 

Table 2.2. Deficient and toxic critical levels of boron in cotton ................................................... 25 

Table 2.3. Zinc interactions with other elements ........................................................................... 39 

Table 3.1. Physico-chemical characteristics of experimental site ................................................. 42 

Table 3.2. Analytical methods used for water, soil and plant samples analysis ............................ 50 

Table 4.1. Effect of boron fertilizer on reproductive-vegetative ratio at maturity ........................ 55 

Table 4.2. Effect of boron fertilizer on plant structure at maturity ................................................ 57 

Table 4.3. Effect of boron fertilizer on fruit production ................................................................ 60 

Table 4.4. Effect of boron fertilizer on net photosynthetic rate (PN), transpiration rate (E), 

water use efficiency (WUE=PN/E), stomatal conductance (gs) and intercellular 

CO2 (Ci) ...................................................................................................................... 63 

Table 4.5. Effect of boron fertilizer on chlorophyll content (SPAD) at flowering stage .............. 65 

Table 4.6. Effect of boron fertilizer on electrolyte leakage (%) at flowering stage ...................... 67 

Table 4.7. Effect of boron fertilizer on protein content in cottonseed (%) at maturity ................. 69 

Table 4.8. Effect of boron fertilizer on oil content (%) in cottonseed at maturity ........................ 69 

Table 4.9. Effect of boron fertilizer on fatty acids (%) in cotton seed oil ..................................... 70 

Table 4.10. Effect of boron fertilizer on seed cotton yield and its components ............................ 73 

Table 4.11. Effect of boron fertilizer on seed index (g) at maturity .............................................. 75 

Table 4.12. Effect of boron fertilizer on fiber quality parameters ................................................. 77 

Table 4.13. Pearson‟s correlation coefficients (r) for B concentration in leaves with 

quantitative and qualitative characteristics of cotton plant ........................................ 78 

Table 4.14. Effect of boron fertilizer on nitrogen concentration (%) in different plant parts at 

maturity ...................................................................................................................... 87 

Table 4.15. Relationships between boron and nitrogen concentrations in different parts of 

plant at maturity ......................................................................................................... 88 



 

XI 

Table 4.16. Effect of boron fertilizer on phosphorus concentration (%) in different plant 

parts at maturity .......................................................................................................... 89 

Table 4.17. Relationships between boron and phosphorus concentrations in different parts of 

plant at maturity ......................................................................................................... 90 

Table 4.18. Effect of boron fertilizer on potassium concentration (%) in different plant parts 

at maturity .................................................................................................................. 92 

Table 4.19. Relationships between boron and potassium concentrations in different parts of 

plant at maturity ......................................................................................................... 93 

Table 4.20. Effects of boron fertilizer on calcium concentration (%) in different plant parts 

at maturity .................................................................................................................. 94 

Table 4.21. Relationships between boron and calcium concentrations in different parts of 

plant at maturity ......................................................................................................... 95 

Table 4.22. Effects of boron fertilizer on magnesium concentration (%) in different plant 

parts at maturity .......................................................................................................... 96 

Table 4.23. Relationships between boron and magnesuim concentrations in different parts of 

plant at maturity ......................................................................................................... 97 

Table 4.24. Effect of boron fertilizer on boron concentration (mg kg
-1

) in different plant 

parts at maturity .......................................................................................................... 99 

Table 4.25. Effect of boron fertilizer on copper concentration (mg kg
-1

) in different plant 

parts at maturity ........................................................................................................ 100 

Table 4.26. Relationships between boron and Copper concentrations in different parts of 

plant at maturity ....................................................................................................... 101 

Table 4.27. Effect of boron fertilizer on iron concentration (mg kg
-1

) in different plant parts 

at maturity ................................................................................................................ 103 

Table 4.28.Relationships between boron and iron concentrations in different parts of plant at 

maturity .................................................................................................................... 104 

Table 4.29. Effect of boron fertilizer on manganese concentration (mg kg
-1

) in different plant 

parts at maturity ........................................................................................................ 105 

Table 4.30. Relationships between boron and manganese concentrations in different parts of 

plant at maturity ....................................................................................................... 106 



 

XII 

Table 4.31. Effect of boron fertilizer on zinc concentration (mg kg
-1

) in different plant parts 

at maturity ................................................................................................................ 108 

Table 4.32. Relationships between boron and zinc concentrations in different parts of plant 

at maturity ................................................................................................................ 109 

4.33. Economics of boron fertilizer for cotton crop (average of two years) ............................... 118 

Table 4.34. Effect of boron fertilizer on plant structure .............................................................. 142 

Table 4.35. Effect of boron fertilizer on dry matter production and relative dry matter yield .... 144 

Table 4.36. Effect boron fertilizer on boron concentration (mg kg
-1

) in different plant parts ..... 145 

Table 4.37. Effect boron fertilizer on nutrient concentration in leaves ....................................... 145 

Table 4.38. Effect of zinc fertilizer on reproductive vegetative ratio at maturity ....................... 149 

Table 4.39. Effect of zinc fertilizer on plant structure ................................................................. 151 

Table 4.40. Effect of zinc fertilizer on total fruiting positions, total intact fruit and fruit 

shedding (%) ............................................................................................................ 153 

Table 4.41. Effect of zinc fertilizer on net photosynthetic rate (PN) [µmol (CO2) m
-2

 s
-1

], 

transpiration rate (E) [mmol (H2O) m
-2

 s
-1

], water use efficiency (WUE=PN/E) 

[µmol (CO2) mmol
-1 

(H20)], stomatal conductance (gs) [mmol (CO2) m
-2

 s
-1

] and 

intercellular CO2 (Ci) [mmol m
-2

 s
-1

] ........................................................................ 153 

Table 4.42. Effect of zinc fertilizer on chlorophyll content, electrolyte leakage, protein and 

oil contents ............................................................................................................... 156 

Table 4.43. Effect of zinc fertilizer on un-saturated and saturated fatty acids ............................ 159 

Table 4.44. Effect of zinc fertilizer on seed cotton yield, bolls plant
-1

, boll weight and seed 

index ......................................................................................................................... 160 

Table 4.45. Effect of zinc fertilizer on fiber quality .................................................................... 162 

Table 4.46. Pearson‟s correlation coefficients (r) for Zn concentration in leaves with 

quantitative and qualitative characteristics of cotton plant ...................................... 163 

Table 4.47. Effects of zinc fertilizer on nitrogen concentration (%) indifferent plant parts at 

maturity .................................................................................................................... 172 

Table 4.48. Relationships between zinc and nitrogen concentrations in different parts of 

plant at maturity ....................................................................................................... 173 

Table 4.49. Effects of zinc fertilizer on phosphorus concentration (%) in different plant parts 

at maturity ................................................................................................................ 174 



 

XIII 

Table 4.50. Relationships between zinc and phosphorus concentrations in different parts of 

plant at maturity ....................................................................................................... 175 

Table 4.51. Effects of zinc fertilizer on potassium concentration (%) in different cotton plant 

parts at maturity ........................................................................................................ 176 

Table 4.52. Relationships between zinc and potassium concentrations in different parts of 

plant at maturity ....................................................................................................... 177 

Table 4.53. Effects of zinc fertilizer on calcium concentration (%) in different plant parts at 

maturity .................................................................................................................... 178 

Table 4.54. Relationships between zinc and calcium concentrations in different parts of plant 

at maturity ................................................................................................................ 179 

Table 4.55. Effects of zinc fertilizer on magnesium concentration (%) in different plant parts 

at maturity ................................................................................................................ 181 

Table 4.56. Relationships between zinc and magnesium concentrations in different parts of 

plant at maturity ....................................................................................................... 182 

Table 4.57. Effects of Zinc fertilizer on boron concentration (mg kg
-1

) in different plant parts 

at maturity ................................................................................................................ 183 

Table 4.58. Relationships between zinc and boron concentrations in different parts of plant 

at maturity ................................................................................................................ 184 

Table 4.59. Effect zinc fertilizer on copper concentration (mg kg
-1

) in different plant parts at 

maturity .................................................................................................................... 185 

Table 4.60. Relationships between zinc and copper concentrations in different parts of plant 

at maturity ................................................................................................................ 186 

Table 4.61. Effects of zinc fertilizer on iron concentration (mg kg
-1

) in different plant parts 

at maturity ................................................................................................................ 187 

Table 4.62. Relationships between zinc and iron concentrations in different parts of plant at 

maturity .................................................................................................................... 188 

Table 4.63. Effects of zinc fertilizer on manganese concentration (mg kg
-1

) in different 

cotton plant parts at maturity .................................................................................... 190 

Table 4.64. Relationships between zinc and manganese concentrations in different parts of 

plant at maturity ....................................................................................................... 191 



 

XIV 

Table 4.65. Effects of zinc fertilizer on zinc
 
concentration (%) in different plant parts at 

maturity .................................................................................................................... 192 

Table 4.66. Economics of zinc fertilizer for cotton crop (average of two years) ........................ 196 

 



 XIV 

LIST OF FIGURES 

 

Figure 2.1. Boron deficient areas. Areas identified on the basis of crop responses to boron 

and by soil boron analysis. Solid lines indicate that boundaries have a firmer 

basis. (Adapted from Shorrocks, 1997) ................................................................... 14 

Figure 2.2. Countries with reported zinc deficiency or high probability of zinc deficiency 

(Adapted from Alloway, 2004) ............................................................................... 34 

Figure 4.1. Effect of soil applied boron on dry matter production. Verticle bars denote 

standard error .......................................................................................................... 53 

Figure 4.2. Effect of boron fertilizer on nutrient concentration at different stages of plant 

growth ..................................................................................................................... 80 

Figure 4.3. Effect of boron fertilizer on nutrient concentration variability with age .................... 81 

Figure 4.4. Relationship between boron concentration in mature leaves and relative seed 

cotton yield (%) as affected by different levels boron (kg ha
-1

) ........................... 113 

Figure 4.5. Relationship between boron concentration in youngest leaves and relative seed 

cotton yield (%) as affected by different levels of boron (kg ha
-1

) ....................... 114 

Figure 4.6. Relationship between HCl-extractable boron and relative seed cotton yield............ 117 

Figure 4.7. Relationship between boron application rate and relative seed cotton yield ............ 117 

Figure 4.8. Residual and cumulative effect of boron fertilizer on plant height ........................... 120 

Figure 4.9. Residual and cumulative effect of boron fertilizer on number of tillers ................... 122 

Figure 4.10. Residual and cumulative effect of boron fertilizer on spike length ........................ 122 

Figure 4.11. Residual and cumulative effect of boron fertilizer on1000-grain weight ............... 124 

Figure 4.12. Residual and cumulative effect of boron fertilizer on wheat grain yield ................ 126 

Figure 4.13. Residual and cumulative effect of boron fertilizer on straw yield .......................... 126 

Figure 4.14. Residual and cumulative effect of boron fertilizer on seed cotton yield ................. 128 

Figure 4.15. Residual and cumulative effect of boron fertilizer on number of bolls plant
-1

 ....... 130 

Figure 4.16. Residual and cumulative effect of boron fertilizer on boll weight .......................... 130 

Figure. 4.17. Residual and cumulative effect of boron fertilizer on boron concentration in 

leaves ..................................................................................................................... 132 



 

XV 

Figure 4.18. Residual and cumulative effect of boron fertilizer on boron concentration in 

straw ...................................................................................................................... 132 

Figure 4.19.Residual and cumulative effect of boron fertilizer on boron concentration in 

grains ..................................................................................................................... 134 

Figure 4.20. Residual and cumulative effect of boron fertilizer on boron concentration in 

cotton leaves .......................................................................................................... 134 

Figure 4.21. Residual and cumulative effect of boron fertilizer on boron uptake in wheat 

crop ........................................................................................................................ 136 

Figure 4.22. Residual and cumulative effect of boron fertilizer on boron uptake in cotton 

crop ........................................................................................................................ 136 

Figure 4.23.  Residual effect of boron fertilizer on HCl-extractable soil boron in soil ............... 138 

Figure 4.24. Cumulative effect of boron fertilizer on HCl-extractable soil boron in soil ........... 138 

Figure 4.25. Relationship between boron levels and relative dry matter yield ........................... 144 

Figure. 4.26. Effect of zinc fertilizer on dry matter yield. Verticle vars denote standard error .. 148 

Figure 4.27. Relationship between Fertilizer rates and seed cotton yield ................................... 160 

Figure 4.28. Effect of zinc fertilizer and age of plant on nutrient concentration ........................ 165 

Figure 4.29. Nutrient dynamics with plant age ............................................................................ 167 

Figure 4.30. Relationship between cotton leaves zinc concentration and relative seed cotton 

yield ....................................................................................................................... 194 

Figure.4.31. Relationship between DTPA-extractable soil zinc and relative seed cotton yield .. 198 

Figure 4.32. Residual and cumulative effect of zinc fertilizer on plant height ........................... 196 

Figure 4.33. Residual and cumulative effect of zinc fertilizer on number of tillers .................... 198 

Figure 4.34. Residual and cumulative effect of zinc fertilizer on spike length ........................... 198 

Figure 4.35. Residual and cumulative effect of zinc fertilizer on 1000 grain weight in wheat ... 200 

Figure 4.36. Residual and cumulative effect of zinc fertilizer on wheat grain yield ................... 200 

Figure 4.37 Residual and cumulative effect of zinc fertilizer on wheat straw yield ................... 202 

Figure 4.38. Residual and cumulative effect of zinc fertilizer on seed cotton yield (kg ha
-1

) ..... 204 

Figure 4.39. Residual and cumulative effect of zinc fertilizer on number of cotton bolls per 

plant ....................................................................................................................... 204 

Figure 4.40. Residual and cumulative effect of zinc fertilizer on cotton boll weight (g) ............ 205 



 

XVI 

Figure 4.41. Residual and cumulative effect of zinc fertilizer on zinc concentration in wheat 

flag leaves .............................................................................................................. 207 

Figure 4.42. Residual and cumulative effect of zinc fertilizer on zinc concentration in wheat .. 207 

Figure 4.43. Residual and cumulative effect of zinc fertilizer on zinc concentration in wheat 

grains ..................................................................................................................... 209 

Figure 4.44.Residual and cumulative effect of zinc fertilizer on zinc concentration in cotton 

leaves ..................................................................................................................... 209 

Figure 4.45.Residual and cumulative effect of zinc fertilizer on zinc uptake in wheat crop ...... 211 

Figure 4.46. Residual and cumulative effect of zinc fertilizer on zinc uptake in cotton crop ..... 211 

Figure 4.47. Residual effect of zinc fertilizer on DTPA-extractable soil zinc in cotton and 

wheat fields ........................................................................................................... 213 

Figure 4.48. Cumulative effect of zinc fertilizer on DTPA-extractable soil zinc in cotton and 

wheat fields ........................................................................................................... 214 

 

 

 



 XVII 

LIST OF PLATES 

 

Plate 1. Boron toxicity symptoms with boron levels in cotton leaves ......................................... 141 

 

 



 XVIII 

LIST OF ABBREVIATIONS 

 

% Percent 

@ At the rate of 

AE 

Al 

Agronomic efficiency 

Aluminum 

B Boron 

BARD Barani Area Research and Development Project. 

Ca Calcium 

Conc. Concentration 

CA Carbonic Anhydrase 

Ci Intercellular Co2 

CL Critical Level 

cm Centimeter 

CO2 Carbon Dioxide 

CP Cumulative plot 

Cu Copper 

cv. Cultivar 

DAP Days after planting 

DMY Dry matter Yield 

DNA Deoxyribonucleic Acid 

DTPA Diethylene triamine penta acetic acid 

E Transpiration Rate 

e.g. For example (Example gratica) 

EC Electrical Conductivity 

EDTA Ethylene di-amine tetra acetic acid 

EL Electrolyte Leakage 

ETL Economic Threshold level 

FAO  Food and agriculture organization of UNO 

Fe Iron 

Fig 

FC 

Figure 

Frontier Constabulary 

GOT 

GLC 

Ginning out turn 

Gas liquid chromatograph 

gs Stomatal  Conductance 

gt
-1

 Gram per tone 

GY Grain yield 

H3BO3 Boric Acid 

IAA Indole acetic acid 

K Potassium 

kg ha
-1

 Kilogram per hectare 

L Liter 

LSD Least significant difference  



 

XIX 

Mg Magnesium 

mm Millimeter/milliter(s) 

m mol Millimole 

mmol kg
-1

 Millimole per Kilogram 

Mn Manganese 

Mo Molybdenum 

mV Millivolt 

N Nitrogen 

N2 Dinitrogen 

NAD Nicotinamide adenine dinucleotide 

NADPH Nicotinamide adenine dinucleotide phosphate 

NO3 Nitrate 

NWFP North West Frontier Province 

NS Non-significant 

OM Organic matter 

P Phosphorous 

PN Photosynthetic rate 

PARC Pakistan Agricultural Research Council 

PO4 Phosphate 

Rb Rubidium 

RNA Ribonucleic acid 

RP Residual Plot 

RSC Residual sodium carbonate 

RVR Reproductive -Vegetative ratio 

S Sulfur 

SAR Sodium adsorption ratio 

SCY Seed cotton yield 

SI Seed Index 

SOM Soil organic matter 

SOD Superoxide dismutase 

sp Species 

SPAD Soil plant analytical development 

SY 

SSP 

Straw yield 

Senior Suprintendent Police 

µg g
-1

 Microgram per gram 

US$ United State dollar 

USSR The Union of Soviet Socialist Republics 

VCR Value cost ratio 

VDW Vegetative dry weight 

WUE Water use efficiency 

Zn Zinc 

PCSIR Pakistan Council for Scientific and Industrial Research 

 

 



 

1 

 

CHAPTER 1 

INTRODUCTION 

 

 

  Cotton is one of the most important cash crop and lifeline of textile industry of Pakistan. 

Pakistan is the fourth largest producer of cotton in the world, the third largest exporter of raw 

cotton, the fourth largest consumer of cotton, and the largest exporter of cotton yarn (ICAC, 

2007; Anonymous, 2010). Yield of cotton per unit area is less in the country compared with 

advanced countries (Rashid and Rafique, 1997; Ahmad, 2000). Inadequate fertilization is one of 

the main reasons for low cotton yields, especially in developing countries like Pakistan. Nutrition 

affects the yield of cotton to a far greater extent than it affects on lint quality, which is largely 

determined by genotype and weather (Hearn, 1981). 

Environment and socio-economic conditions could significantly affect the production of 

cotton. Nutrition of the cotton plant is influenced by several characteristics that distinguish the 

nutrient requirements of cotton from those of other field crops, (i) cotton is a tropical perennial 

shrub that is grown as an annual crop. Its indeterminate growth habit and vegetative branching 

provide an infinite number of potential fruiting sites unless growth is limited by low 

temperatures, lack of water, insufficient supply of nutrients or carbohydrates derived from 

photosynthesis, or other limiting factors, (ii) the cotton plant has a deep taproot system with 

unusually low root density in the surface soil layer where available nutrient levels are greatest 

(Grimes et al., 1975; Gerik et al., 1987; Brouder and Cassman, 1990). This rooting pattern makes 

the cotton plant more dependent on nutrient acquisition from subsoil than for most other crop 

plants (Gulick et al., 1989). Deficiencies of certain nutrients reduce fiber quality as well as 

causing a reduction in plant growth and lint yield (Cassman, 1993). 

 

The soils of Pakistan are alkaline-calcareous in nature and widespread deficiencies of 

macro-and-micro-nutrients have been reported in crops (Rashid and Ahmed, 1994). The nutrient 

indexing of cotton growing areas have revealed widespread deficiencies of nitrogen (N), 

phosphorus (P), potassium (K), boron (B) and zinc (Zn) (Rashid, 1995). Nitrogen and to some 
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extent P are most commonly used fertilizers for cotton crop to achieve the required yield. 

Deficiency of essential nutrients reduces plant growth and yield. A deficiency of nutrients such 

as P, K, calcium (Ca), magnesium (Mg), B, and Zn limits fruit production to a greater extent than 

vegetative growth; whereas deficiency of nutrients like N, sulphur (S), molybdenum (Mo), and 

manganese (Mn) restricts fruiting and vegetative growth to an equal extent (Benedict, 1984).  

 

Deficiency of more than one nutrient is very common in alkaline soils of Pakistan 

(Anonymous, 1998). Fageria et al. (2002) reported that with the introduction of high yielding 

varieties, use of high analysis fertilizers, high cropping intensity and low or less use of organic 

manures had caused widespread deficiencies of micronutrient. Deficiencies of B and Zn are well 

established in many agronomic and horticultural crops grown in calcareous soils of Pakistan 

(Sillanpaa, 1982; Rashid, 2006b) and at global level (Goldberg, 1997; Shorrocks, 1997). 

Additionally, with the passage of time the magnitude and the severity of B deficiency are 

increasing, primarily because of enhanced research information during the past two decades 

(Rashid et al., 2002). 

 

Boron is an essential micronutrient for higher crop plants (Warington, 1923) and is 

required for optimal growth and development (Gupta, 1993). Boron requirement for plants varies 

markedly. Dicots generally require more B than monocots (Shelp, 1993). Cotton, a dicot plant, 

has been recognized as heavy feeder for B and highly sensitive to B deficiency (Shorrocks, 

1992). Its deficiency not only decreases the yield, but also deteriorates the quality of crops 

(Dordas, 2006a and 2006b). Boron deficiency in cotton growing areas results in shorter plant 

height, lesser number of main-stem nodes and squares, shorter fruit branches and poor fruit 

retention (Eaton, 1955; Murphy and Lancaster, 1971), low yield (Miley et al.,1969), deformed 

leaves (Hinkle and Brown, 1968), small and deformed bolls (Roberts et al., 2000), banded 

petioles, necrotic pith and short internodes (Zhao and Oosterhuis, 2003) and abnormal fibers on 

cultured ovules (Birnbaum et al., 1974). It is involved in many biochemical and physiological 

processes such as sugar translocation (Gauch and Dugger, 1954), membrane permeability 

(Pilbeam and Kirkby, 1983), leaf photosynthesis (Zhao and Oosterhuis, 2003), cell elongation 

and division, cell wall biosynthesis, nitrogen fixation, protein, amino acid and nitrate metabolism 

(Shelp, 1993; Blevins and Lukaszewski, 1998). Boron also has a direct influence on flower 
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development, pollen germination and fertilization, seed development and fruit abscission (Dell 

and Huang, 1997; Brown et al., 2002; Dell et al., 2002). 

 

On the other hand, B toxicity was also suspected in the soils of Pakistan (Sillanpaa, 

1982). High concentration of B may occur naturally in the soil or in the ground water or be 

added to the soil from mining, fertilizers or irrigation water (Nable et al., 1997). It becomes toxic 

usually at concentrations slightly higher to that of required for normal growth (Marschner, 1995) 

in arid and semi arid areas (Kanwar and Randhawa, 1974; Keren and Bingham, 1985). Boron 

toxicity produces similar symptoms on a wide range of plant species. The typical visible 

symptoms of B toxicity in plants are leaf burn chlorotic and/or necrotic patches often at the 

margins and tips of older leaves (Gupta, 1983; Bergmann, 1992; Bennet, 1993). 

 

Alkaline calcareous soils in arid and semi arid regions of the world are conducive to Zn 

deficiency in plants (Rashid and Ryan, 2004). Low Zn availability in such soils is attributed to 

precipitation in alkaline soil solution, fixation with free calcium carbonate (CaCO3) particles and 

low Zn replenishment in soil solution because of low soil organic matter content (SOM: 

generally < 1%) (Lindsay, 1972a; Rashid and Ryan, 2004). In plants, Zn is involved in several 

enzymatic driven metabolic processes (Vallee and Auld, 1990), like protein synthesis (Kitagashi 

et al., 1986), membrane integrity (Welch et al., 1982; Cakmak and Marschner, 1988a), 

tryptophan biosynthesis (Oosterhuis et al., 1991), photosynthate mobilization (Glass, 1989), N, P 

and K uptake and metabolism (Li et al., 1991). Soil Zn deficiency leads to leaky plasma 

membrane in plant roots as evidenced by high efflux rates of K
+
 (Cakmak and Marschner, 

1988b; Alou, 1989; Kaya and Higgs, 2001). Little information regarding the effect of Zn 

fertilizer on cotton crop is available (Rashid, 1995). 

 

Alloway and Tills (1984) reported the residual effect of applied micronutrients in soil 

because of their strong adsorption and organic complexation by soil components. Thus, it is not 

necessary to apply micronutrient fertilizers to every crop as that leave a significant residual effect 

for better production of the succeeding crops. Both Zn and B to a lesser extent have significant 

residual effect (Anonymous, 1998). Knowledge about the residual and cumulative effects of soil 

applied B and Zn is valuable for formulating future requirement and soil application interval for 
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these nutrients (Khan, 1996). The continuous use of micronutrients particularly B could result to 

build up toxic levels as the margin between B toxicity and deficiency is very narrow (Marschner, 

1995). Yang et al. (2000) reported that residual effect of 1.65 kg B ha
-1

 was enough in correcting 

B deficiency at least 3 years for oil seed crops on Inceptisols and Ultisols. In another field study, 

Dongale and Zande (1977) reported that residual effect of 1.0 kg B ha
-1

 as boric acid (H3BO3) 

applied to groundnut (Arachis hypogaea L.) proved effective for increasing the yield of 

subsequent wheat (Triticum aestivum L.) crop. Boron application at 1.5 kg ha
-1

 for medium to 

fine textured soils could be effective for 2-3 cropping seasons (Anonymous, 1998). Zinc is also 

known to have residual effects (Boawn, 1974) because of the relatively slow reversion of applied 

Zn to plant unavailable forms (Bidwell and Dowdy, 1987; Payne et al., 1988). The plants recover 

nearly 0.3-3.5% annually of the soil applied Zn (Boawn, 1974). Takkar (1996) reported residual 

effect of Zn for five rice (Oryza sativa L.) and six wheat crops, when Zn was applied at 5.0 kg 

ha
-1

 in rice-wheat system on a silt loam soil. 

 

It is difficult to establish a critical value for available soil B concentration, which will be 

universal over different environments and soil types (Heitholt, 1994; Goldberg, 1997). Available 

soil B depends on SOM (Marzadori et al., 1991), pH (Page and Bergeaux, 1961), N fertility 

(Miley et al., 1969), soil water contents (Mezuman and Keren, 1981), and soil texture (Elrashidi 

and O'Connor, 1982; Communar and Keren, 2006). Hence, it is difficult to determine critical 

concentration level, but a narrow range of nutrient concentration could be established (Smith and 

Loneragan, 1997), above which plant has a sufficient concentration of a nutrient for growth and 

development and below that range plant is considered deficient for that nutrient. Thus, to find 

correct procedure for diagnosis of B deficiency is still a conflicting matter for plant tissues where 

B is phloem immobile such as for cotton plant (Goldbach et al., 1991; Brown and Shelp, 1997; 

Brown et al., 2008). Boron concentration of a fully developed leaf may not reflect the correct B 

status of growing tissue for which a constant B supply is most critical (Brown and Shelp, 1997). 

To formulate fertilizer requirement and correction of B and Zn deficiency, soil and plant critical 

levels need to be established for better growth and yield. Scanty and scattered information is 

available regarding critical levels of B and Zn in soil and youngest cotton leaves. Moreover, very 

little research work has been reported to monitor the residual and cumulative effects of B and Zn 

in cotton-wheat cropping system. Furthermore, insufficient literature is available regarding 
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toxicity levels of B for cotton. It was hypothesized that the B and Zn could affct the productivity 

and quality of cotton crop in irrigated aridisols. Moreover, it was also hypothesized that the true 

representation of B requirement could be the youngest tissues of cotton crop. Thus, these 

hypotheises were tested by the experimentation to meet the following objectives: 

 

1.  To investigate the impact of B and Zn fertilizer use in an irrigated Aridisol on crop 

productivity and produce quality.  

2.  Determination of fertilizer B and Zn requirement in plant tissue and soil for cotton 

crop. 

3.  Monitoring residual and cumulative effects of B and Zn fertilizer use on crop growth 

and productivity in cotton-wheat cropping system. 
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CHAPTER 2 

REVIEW OF LITERATURE 

 

Crops require continuous supply of essential mineral nutrients. Deficiency or toxicity of 

any essential element greatly affects the growth and development of plants. Alkaline calcareous 

soils of Pakistan are characterized for multi-nutrient deficiencies (Rashid and Ahmad, 1994). 

However, fertilizer use in cotton crop is only restricted to macronutrients (Chaudhry and Sarwar, 

1999). Among the micronutrients, deficiencies of B and Zn are reported in many crops (Rashid, 

2006a). Literature regarding the role of B and Zn in the growth and development of cotton plant 

is described as below: 

 

2.1. Boron as an essential nutrient 

Boron requirement for various crops was first reported by Agulhon (1910). Maze (1915) reported that 

B affected the growth of maize (Zea mays L.) in France. Later on, Warington (1923) reported B as an essential 

element for the growth of broad bean (Vicia faba L.) and after that Brenchley and Warington (1927) extended 

the scope of B essentiality for many other plant species. Sommer and Lipman (1926) reported B is crucial for 

non-legume dicots and monocots. Thus, it is considered as an essential element for the growth and development 

of monocots, dicots, conifers and ferns (Shelp, 1993). 

 

2. 2. Forms of boron in soil 

Boron has been found in a number of minerals, e.g. hydrous borates [borax 

(Na2B4O7·10H2O), kernite (Na2B4O6(OH)2.3H2O), colemanite (CaB3O4(OH)3-H2O and ulexite 

(NaCaB5O6(OH)6.5H2O)], anhydrous borates [ludwigite (Mg2Fe3BO5) and kotoite (Mg3(BO3)2] 

and complex borosilicate [tourmaline (NaAl3Al6[Si6O18](BO3)3O3(OH) and axenite 

(Ca,Fe,Mn)3Al2BO3Si4O12OH)] [Evans and Sparks, 1983]. Tourmaline (3.0 to 4.0% B) is the 

most well-known B containing mineral (Berger, 1949). Micas, clay structures and organic matter 

(OM) also contain B (Mezuman and Keren, 1981; Arnold et al., 1991).  
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Weathering of B containing minerals brings B into solution mainly as boric acid B (OH) 3. Boron 

can rapidly be leached down in acid soils (Gupta, 1979) or it can be accumulated as evaporite 

deposits in arid climate (Evans and Sparks, 1983). 

 

2.3. Factors affecting boron availability 

2.3.1. Soil texture 

Soil texture markedly affects the availability of B to plant. Among soil separates, clay is a major 

sink for B adsorption on its exchange sites (Mezuman and Keren, 1981; Elrashidi and O‟Connor, 

1982). Ellis and Knezek (1972) reported that vermiculite adsorb more B than any other minerals. 

Similarly, Elrashidi and O‟Connor (1982) reported significant positive correlation between B and 

clay contents. Boron follows the following order for adsorption on clay minerals: kaolinite < 

montmorillonite < illite (Hingston, 1964; Keren and Mezuman, 1981). Fine textured soils retain more B 

compared with coarse textured soils. Fleming (1980) reported leaching of B in sandy soil resulting into B 

deficiency. Reports indicate that B uptake by sunflower (Helianthus annuus L.) and wheat (Triticum 

aestivum L.) was more for coarse compared with medium or fine textured soils with B fertilizer (Wear 

and Patterson, 1962; Keren et al., 1985). 

 

2.3.2. Soil organic matter  

Soil organic matter (SOM) greatly affects the avaialbity of B (Goldberg, 1997). Earlier, Parks and 

White (1952) reported that humus is important for B retention in soils. Availability of B from SOM 

depends on its decomposition. Thus, destruction of SOM with hydrogen peroxide (H2O2) resulted in 

release of B in plant available form and also a reduction in its fixation by clays (Gu and Lowe, 1990). 

Boron adsorption in mineral soil increased with increasing SOM (Yermiyaho et al., 1995). However, 

Marzadori et al. (1991) reported that the amount of B adsorbed by three soils differing in chemical and 

physical properties was more after the removal of organic matter. Thus, it was suggested that a portion of 

the oxides of Fe and Al, and other possible adsorption sites coated or occluded by OM, only became 

active after removal of OM. Adsorption of B on a soil humic acid increased with an increasing in soil pH 

up to a maximum 9, thereafter B adsorption decreased with increasing pH > 9.0 (Gu and Lowe, 1990). 

Yermiyaho et al. (1988) and Goldberg (1997) proposed ligand exchange as a possible mechanism for B 

adsorption by OM.  
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2.3.3. Boron adsorption by oxides of iron and aluminium 

Availability of B to plant is less in soils containing significant amount of oxides of iron (Fe), 

aluminium (Al) and Mg. However, the amount of B that these oxides adsorb will depend on their 

exposed surfaces (Keren and Gast, 1983). This was supported by Goldberg and Glaubig (1985), who 

reported that B adsorption on weight basis was greater for Al than that of Fe oxides. They further 

reported that higher B adsorption could be due to higher surface area of Al oxides. Boron 

adsorption on crystalline and amorphous Al and Fe oxides increased with increase in pH. 

Number of studies indicates that B adsorption was maxima up to pH 6 to 8 for Al oxides; 

whereas maximum adsorption was at pH 7 to 9 for Fe oxides (Bloesch et al., 1987; Goldberg and 

Glaubig, 1988; Su and Suarez, 1995). Hatcher et al. (1967) and Sims and Bingham (1968) 

reported that B adsorption was greater in freshly precipitated Al and Fe oxides and started 

decreasing with passage of time due to increasing crystallinity. 

 

2.3.4. Clay content and clay mineralogy 

Boron adsorption increased with increasing clay content. Gupta (1968) noted that soils 

having higher clay contents adsorbed more B. Sims and Bingham (1967) and Mattigod et al. 

(1985) found that B adsorption on clay minerals increased with increasing solution pH; 

adsorption maxima (6.5 mmol kg
-1

 for illite; 3.0 mmol kg
-1

 for montmorillonite; 2.0 mmol kg
-1

 

for kaolinite) were obtained at pH 8 to 10. These reports also indicate a decrease in B adsorption 

at pH > 10. Couch and Grim (1968) suggested that B adsorption by clay minerals is a two step process. 

Initially, B adsorbs onto the particle edges, subsequently migrates and incorporates structurally into 

tetrahedral sites replacing structural silicon (Si) and Al.  

 

2.3.5. Temperature 

Generally, B adsorption increases with increasing soil temperature. Variation in temperature 

may alter the interaction between B adsorption and soil solid components (Chapman, 1997). Bingham 

et al. (1971) and Goldberg (1997) described a positive impact of temperature on B adsorption in soils 

having amorphous minerals. An increase in temperature from 10 
o
C to 40 

o
C led to 12 % increase in B 

adsorption. In contrast, Biggar and Fireman (1960) reported that an increase in temperature caused a 

decrease in B adsorption for two Californian soil differing in clay mineralogy. 
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2.3.6. Soil reaction 

Soil reaction (pH) may alter the adsorption of B. Liming (addition of CaCO3) of acid soil 

causes B deficiency in plants. Similarly, calcareous soils showed high B adsorption (Goldberg and 

Forster, 1991). It is suggested that the presence of Ca
2+

 could result the formation and 

adsorption of calcium borate ion pair (Mattigod et al., 1985). Soluble B content in 

soils was positively correlated with soil solution pH (Elrashidi and O‟Connor, 1982). Boron is 

largely present in solution as un-dissociated H3BO3 at pH less than 7 (Keren et al., 1981). An 

increase in soil pH from 7 to 10 results in a rapid increase in the concentration of the B(OH4)
-
 and an 

increase in B adsorption due to the relatively strong affinity towards the clay. 

 

2.3.7. Effect of calcium carbonate on boron availability 

Calcium carbonate greatly reduces the availability of B in soil to plant. Scott et al. (1975) 

reported retention of B on CaCO3 occurs via an adsorption mechanism. Goldberg (1997) 

reported that this mechanism of B adsorption could be exchange with carbonate groups. The B 

adsorption was maximum for soil samples treated to remove CaCO3 than those for untreated soil 

samples indicating that CaCO3 operates as an important sink for B adsorption for calcareous soils 

(Goldberg and Forster, 1991). Reports also indicate that B adsorption on calcites increased with 

an increase in solution pH from 6 to 9, reached to its maximum at pH 9.5; thereafter decreased 

with further increase in solution pH from l0 to 11 (Communar et al., 2004).  

 

Exchangeable cations on clay minerals also affect the B adsorption (Keren and 

Mezuman, 1981; Keren and O'Connor, 1982). Calcium saturated clays adsorbed more B than 

sodium and potassium saturated clays (Keren and Gast, 1981; Keren and O'Connor, 1982; 

Mattigod et al., 1985). For soils of Pakistan, it is known that some part of soil applied B is 

adsorbed on clays or forms complexes with SOM, some may be precipitated with CaCO3 and 

becomes unavailable for plant growth (Rashid, 2005).  

 

2.4. Boron in plants 

2.4.1. Root growth 

Mass flow, diffusion and root interception are considered as the main mechanisms by which 

nutrient elements reach the surfaces of plant roots (Barber, 1962; Barber et al., 1963). Oliver and 



 

10 

 

Barber (1966) reported that mass flow was a major B supply mechanism to plant roots. Boron 

deficiency in soil may result in cessation of root growth (Albert and Wilson, 1961). Cohen and Lepper 

(1977) reported that B was essential for growing tips to control metabolism in meristematic tissues. 

Similarly, Ali and Jarvis (1988) also reported that B regulates cytokinins through its role in ribo 

nucleic acid (RNA) metabolism. Cell elongation is responsible for the growth of cotton (Gossypium 

hirsutum L.) fibers. Cotton ovules grown in vitro culture showed reduced fiber cell growth or 

elongation under B stress. However, cell division was rapid and B deficiency affected cell 

elongation rather than cell division (Birnbaum et al., 1974). 

 

2.4.2. Role of boron in cell wall 

A close relationship has been found between B nutrition and the primary cell walls. Loomis 

and Durst (1991) found up to 90% of the cellular B in cell wall fraction. Yamauchi et al. (1986) 

stated that B is imperative for cell wall integrity in tomato (Lycopersicon esculentum Mill) 

leaf cells. Boron also stabilized Ca complexes of the middle lamella. Hu and Brown (1994) 

proved that B is chemically localized and structurally important in cell wall of plants. Some 

reports have shown that B deficiency may impair ascorbate metabolism (Blevins and Lukaszewski, 

1998) and induce oxygen activation (Marschner, 1995). So far, the well described role of B is its 

involvement in: 1) cell wall intactness and synthesis, possibly by formation of B-pectin complexes 

(Loomis and Durst, 1991 and 1992; Hu et al., 1996); 2) plasma membrane integrity (Shelp, 1993; 

Marschner, 1995). It is widely accepted that the morphological and physiological changes caused 

by B deficiency are most probably be related to the formation of complexes between B and 

compounds having cis-hydroxly groups (diols). 

 

2.4.3. Role of boron in reproduction, pollen germination and pollen tube development 

Reports indicate that reproductive growth (especially flowering, fruit and seed set and seed 

yield) was affected more than vegetative growth with B deficiency (Dear and Lipsett, 1987; 

Noppakoonwong et al., 1997). Piland et al. (1944) reported that B application increased seed yield 

of alfalfa (Medicago sativa L.) by 600%, while increase in hay yield was negligible (3%) 

compared with seed yield. In plants, especially in dicotyledonous B deficiency influences the 

development of terminal growing points and flowering (Scaife and Turner, 1984). Boron 

deficiency causes abnormal flowering and abortion of flower initiation in soybean (Mascarenhas 
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et al., 1990), rapeseed (Myers et al., 1983), rice (Sharma et al., 1981) and shedding of squares 

and bolls in cotton (Miley et al., 1969).  

 

Boron is very important for pollen germination and pollen tube growth in vitro (Cheng and 

Rerkasem, 1993). Boron deficiency caused lower germination of pollens in lucerne (Misra and 

Patil,1987) and maize (Agrawala et al., 1981), while higher concentration of B in growth 

medium also proved toxic to pollen germination and growth of pollen tube in Alsike clover 

(Trifolium hybridum L.) [Montgomery, 1951]. Johri and Vasil (1961) reported that B was more 

crucial for pollen tube elongation than for pollen grains germination. Robbertse et al. (1990) 

reported that B is also involved in pollen germination and pollen tube development in Lihum 

longiflorum. During floral development, the ovary serves as a reservoir for B. After pollination, the 

growth of the pollen tube forms a new B sink and B flows from the ovary towards the stigma for 

pollen tube development. In Pitunia spp. the ovary has a higher concentration of B in its tissues 

than the pistil. Viti et al. (1990) reported that pollen germination in olive (Olea europea L.) and 

mango (Mangifera indica L.) had the highest percentage of successfully pollinated stigmas treated 

with B fertilizer. 

 

2.4.4. Role of boron in nitrogen fixation 

Boron is essential for the formation of nodules on roots of legumes. Rhoden and Allen (1982) 

found that B application significantly improved nodulation and N2 fixation of pea (Pisum sativum 

L.). In the absence of B, number of nodules was reduced and alterations in nodule development 

caused an inhibition of nitrogenase activity. Similarly, Bolanos et al. (1994) investigated the effect 

of B deficiency on symbiotic N2 fixation in pea. Bolanos and colleagues also reported that B is 

required for normal nodule development and function. In contrast, Agbenin et al. (1990) found that 

B application did not affect N2 fixation in cowpea (Vigna unguiculata L.) grown under glass house 

conditions.  

 

2.4.5. Boron role in cell membranes 

Boron is involved in a number of biochemical changes in plant tissues. Reports indicate that 

deficiency of B may disrupt membrane function, which affects other biochemical changes (Parr and 

Loughman, 1983; Shelp, 1993).For sunflower hypocotyls segments, Tang and Dela Fuenta (1986) 



 

12 

 

suggested that B played a significant role in membrane integrity. They further noted that 

hypocotyls segments from plants deficient in B showed higher rates of K
+
 leakage, indicating that 

membrane integrity had been reduced. The K
+
 leakage was completely reversed with the addition 

of B fertilizer in a B deficient incubation study. Robertson and Loughman (1973) observed that 

uptake of 
86

Rb by broad bean was decreased within 24 hours after the removal of B from nutrient 

solution. There have been a number of laboratory/green house experiments investigating the effect 

of B on inorganic ion flux (Pollard et al., 1977). For example, Pollard et al. (1977) reported that 

absorption of phosphate by broad bean and maize was reduced when one day old seedling was 

grown up to two days in a B free solution culture compared with seedlings treated with 100 µM 

H3BO3. Pollard and colleagues further described that normal uptake of ion could be restored by 

adding B one hour prior to the uptake study. Hence, it could be concluded form the ongoing 

discussion that B is directly involved in membrane function.  

 

2.5. Boron absorption and its movement in plants 

Oertli and Grgurevic (1975) reported that B uptake is a physical, non-metabolic process driven 

by a concentration gradient. Brown and Hu (1994) studied the B uptake in sunflower and cultured 

tobacco (Nicotiana tabacum L.) cells with the use of stable B isotopes. Thir results indicate that B 

uptake increased linearly with increasing B concentration. Movement of B in the phloem is 

generally very limited. This is indicated by normally very low concentration of B in the phloem sap 

relative to that found in young leaves and fruit. It is reported that B is immobile in the phloem. It is 

translocated in the phloem of some species, such as peanut (Arachis hypogaea L.), broccoli (Brassica 

oleracea L.), grape (Pritis vinifera L.), rutabaga (Brassica napobrassica L.), radish (Raphanus 

sativus L.) and cauliflower (Brassica oleracea L.). For example, B re-translocation in cauliflower was 

indirectly assessed using the ratio of B concentration in the young leaves to the older leaves by Shelp 

and Shattuck (1987). This concentration ratio increased under B deficient condition. In the presence 

of B deficiency, B is translocated out of older tissue to developing sinks. The decreasing B 

concentration gradient from mature transpiring tissues to young developing sinks disappeared when 

the B supply was removed in broccoli (Shelp, 1988).  

 

Boron moves from the roots to the shoot by mass flow in the transpiration stream. However, 

Bowen (1972) reported that B movement from the root to shoot is passive. von Michael et al. (1969) 



 

13 

 

stated that the typical gradient in transpiration rates among the shoot organs (leavea > pods >> seeds) 

corresponded to the gradient in B content. In another report, Raven (1980) reported that B 

concentration of the xylem is not simply related with the root B concentration. It was hypothesized 

that the movement of B from the roots to the shoot may not be totally passive. 

 

2.6. Boron deficiency 

2.6.1. International 

Globally, B deficiency has been recognized as the second most micronutrient disorder in crops 

production after Zn. Boron deficiency in soil results for yield reduction, impairment of quality of 

agricultural products (Alloway, 2006). Boron deficiency is widespread in at least 80 countries and 132 

plant species (Shorrocks, 1997) (Fig. 2.1.). Sillanpaa (1990) reported that out of 190 field trials in 

different countries, 32% of the fields were B deficient. In China, more than 33 million ha of cultivated 

land is B deficient (Xu et al., 2001). In Australia, B deficiency is mainly a problem for fruit trees on 

different soils, but cotton on clay-rich and high pH soils is also affected (Holloway et al., 2006). In 

Africa, maize, peanut and sunflower on sandy and well drained and leached soils were also affected by 

B deficiency. Other fruit trees such as citrus (Citrus sinensis L.), banana (Musa spp.) are also affected by 

B deficiency (Van der Waals and Lake, 2006). Boron deficient soils are also present in Brazil and other 

South American countries (Fageria and Stone, 2006). Dry bean (Phaseolus vulgaris L.), corn (Zea mays 

L.), soybean (Glycine max L.) and wheat responded to B application on Brazilian Oxisols (Fageria, et 

al., 2003). In European countries, sandy soils are prone to B deficiency and B sensitive crops are 

fertilized regularly with B. High value orchard crops and grape vines receive foliar application of B for 

better fruit setting and quality (Sinclair and Edwards, 2006).  

 

2.6.2. Local 

The presence of free carbonates, low OM (<1%) and high pH (>7) in soils of Pakistan 

are conducive for B deficiency (Rashid et al., 2002). Boron deficiency was initially observed in 

cotton (Chaudhry and Hisiani, 1970) and rice fields (Chaudhry et al., 1978). Boron deficiency 

exists in 50% cultivated fields of the Punjab; 25% in Sindh; 60% in NWFP (Rashid, 1995; 

Anonymous, 1998; Rashid, 2006a). 

 

 



 

14 

 

 

Figure 2.1. Boron deficient areas. Areas identified on the basis of crop responses to boron and by 

soil boron analysis. Solid lines indicate that boundaries have a firmer basis. (Adapted 

from Shorrocks, 1997). 
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2.6.3. Sensitivity of plants to boron deficiency 

It is very difficult to generalize the relative sensitivity of B deficiency for different crop species 

due to genetic diversity and eco-edaphic factors. However, certain species are more prone to B 

deficiency than others. Crops sensitive to B deficiency include some legumes, brassica crops, celery, 

grape, fruit trees and some tuber crops (Kabata-Pendias and Pendias, 1992). Rerkasem et al. (1988) 

reported that yield of sunflower and black gram (Vigna mungo L.) was reduced with low B supply from 

soil. However, wheat and rice grown on the same site were relatively tolerant to low soil B 

concentration. Generally, dicotyledonous species have a greater internal requirement for B than 

monocotyledons (Marschner, 1995) and are therefore, more likely to suffer from B deficiency under 

conditions of low B supply.  

 

Boron deficiency in canola (Brassica napus L.) results in shortened internodes and 

restricted growth of the whole plant. The stems may be abnormally thickened with corky lesions 

(Bergmann, 1992). Young leaves of pea plants suffering from B deficiency fail fully to expand and 

young tendrils become chlorotic and subsequently necrotic. Scaife and Turner (1984) reported that 

B deficiency in pea resulted in young leaflets and tendrils that are reduced in size, shrivelled and 

chlorotic. Boron deficiency symptoms in a number of other dicotyledonous species have been 

described by Gupta (1993). Several diseases in crop plants are caused by B deficiency. These include 

cracked stem of celery (Apium graveolens L.), cork disease of apple (Matra dornestica L.) 

(Berger 1949), hollow heart of peanut (Rerkasem et al., 1988), severe dieback in Pinus radiata 

(Hopmans and Flinn, 1984) and root canker of table beet (Beta vulgaris L.) (Hemphill et al., 1982). 

 

2.6.4. Boron deficiency symptoms in cotton 

Holley and Dulin (1939) observed short and thick petioles of younger leaves, distorted 

flowers and death of terminal meristem of cotton plant for B deficiency. They also noted flower 

and boll shedding under acute B deficiency. Eaton (1955) reported that B deficiency in cotton 

caused shorter fruit branches and poor fruit setting. Neirinckx (1960) stated B deficiency 

symptoms as necrosis of the apex of stems and roots, deformation of younger leaves and 

stripping of leaf stalks. Lancaster et al. (1962) and Maples and Keogh (1963) noticed that leaf 

petioles were encircled by dark green bands or rings at irregular intervals and piths beneath these 

bands were found necrotic. Donald (1964) observed in B deficient plants, the death of the 
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terminal buds, retarded linear growth, short inter nodes and enlarged nodes indicated a bushy 

appearance that was called as a rosette condition. Deformed leaves and banded petioles were also 

reported in B deficient cotton plants (Hinkle and Brown, 1968). Miley et al. (1969) reported that 

B deficiency during reproductive stage resulted in reduced boll retention, low yield and low fiber 

quality. Ohki (1973) noted retarded internodal growth in B deficient cotton plants. Van de Venter 

and Currier (1977) observed deformed and small size bolls, reduced root growth and stunted 

growth of secondary roots. Stewart (1986) described that B deficiency in cotton plant might 

cause small and deformed bolls, poor fruit retention and reduced lint yield. Sakal and Singh 

(1995) reported reduction in growth owing to B deficiency occurred after 28 days and the visible 

symptoms developed after 43 days as chlorotic patches on the younger leaves of cotton crop, 

which became thick and brittle and ultimately failed to expand. The middle leaves showed 

inward cupping followed by wilting. They further observed that under mild B deficient 

conditions, a large number of lateral branches with many irregular rudimentary leaves and death 

of main stem occur under severe B deficiency. 

 

Shorrocks (1992) reported considerable flower and boll shedding, death of terminal buds 

and development of many lateral branches having short internodes and enlarged nodes, crumpled 

and misshapen petioles, discoloration of extra floral nectaries, and development of cracks at the 

stems and at the base of square in boll. Rosolem and Costa (2000) observed in a nutrient solution 

experiment that B deficiency even temporarily reduced shoot dry matter yields, plant height and 

flower and fruit setting. In a growth chamber study, Zhao and Oosterhuis (2003) reported that B 

deficiency in cotton during squaring and fruiting stages caused significant reduction in leaf net 

photosynthetic rates, plant height, leaf area, fruiting sites and dry matter accumulation. 

 

2.6.5. Correction of boron deficiency 

Efforts have been made to apply micronutrients, including B for healthy plant growth. Use 

of high analysis fertilizers, reduction in the use of manures, increased cropping intensity and the 

advent of high yielding genotypes have contributed for greater demand of micronutrients (Fageria 

et al., 2002). The deficiency of B in cotton could be corrected by the application of B fertilizer (Miley et 

al., 1969; Rashid and Rafique, 2002) or the use of species and cultivars that are more efficient 

under conditions of low B availability in soils (Takkar et al., 1989). 
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2.6.6. Application of boron fertilizer 

Boron fertilizer can be applied through soil and/or foliar application. Soil application 

is generally used for annual crops, while foliar sprays are often recommended for correction of B 

deficiency in tree crops. Soil application may include band application or broadcast methods (Malik 

et al., 1992; Mortvedt and Woodruff, 1993; Rashid and Rafique, 2002). The banded application is 

more effective, requiring less fertilizer on per unit area basis than broadcast application. Band 

application is generally used for crops planted in rows; whereas broadcast application is more 

feasible in non-row crops such as some legumes (Mortvedt and Osborn, 1965). Foliar 

application (Murphy and Lancaster, 1971; Schon and Blevins, 1990; Rashid and Rafique, 2002) 

is widely used to correct B deficiency problems in annual and perennial crops. Effective foliar 

application rates may vary between 10 and 50% of that required when broadcasting B fertilizer. 

However, repeated applications may be required due to low mobility of B within the plant 

(Katyal and Randhawa, 1983). The amount of B required to overcome B deficiency will depend 

on a number of factors including soil characteristics, type of crop, method of application and 

climatic conditions (Takkar et al., 1989). Availability of B will be reduced in high clay soils 

with alkaline pH. Residual activity of the fertilizer is also influenced by the physicochemical 

properties of soil. The amount of rainfall and irrigation will affect leaching, while evaporation 

will influence accumulation of B within the profile. The residual value of B fertilizer will also 

be dependent on the amount of B removed in the harvested product. The application rates of B 

should not be excessive as there is a very narrow range of supply between deficiency and 

toxicity (Marschner, 1995). Rerkasem et al. (1988) reported that high rates of B application in 

sandy soils may result in toxicity problems. 

 

2.7. Boron toxicity in crops 

2.7.1. Visual symptoms 

Disorder of any essential nutrient produces some symptoms in plants. Boron toxicity 

produces similar symptoms on a wide range of species. However, the exact nature of the 

symptoms varies with crop type, cultivar and severity of the nutritional disorder. Boron is 

transported from the root to the shoot in transpiration stream. Therefore, maximum 

accumulation of B occurs in older tissues, which have transpired for a longer time during the 

growth of crops (Oertli and Kohl, 1961). Once in the plant, B is considered to be immobile in 
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most species, and is therefore not redistributed to younger tissues. Thus, B toxicity symptoms 

occur initially and most severely in the older leaves (Paull et al. 1992; Chapman, 1997). Initially 

B toxicity symptoms include the yellowing of the tip and margins of the older leaves. With the 

increase in severity of the problem, the chlorotic areas become necrotic. The necrosis begins 

from the leaf tips and margins towards the midrib and base of the leaves. The leaf presents a 

scorched appearance and ultimately the entire leaf dies and falls from the plant (Kabata-Pendias 

and Pendias, 1992). 

 

In barley (Hordeum vulgare L.), initially chlorosis of the leaf tips occurs on the older 

leaves. This is followed by the development of brown necrotic spots at leaf tips and 

margins, giving the leaves a blotchy appearance (Nable, 1988). Some yield reductions may 

be associated with severe toxicity of B. Symptom severity increases with increasing in the leaf B 

concentration. The pattern of symptom development in wheat is similar to that in barley, except 

that the necrosis does not occur as spots, but more generally over the affected (chlorotic) area 

(Nable, 1988).  

 

2.7.2. Physiological changes 

Many reports regarding the effect of excess B on plant growth describes the 

symptoms of B toxicity on different plant species. However, scanty information on 

physiological changes (i.e. leaf conductance for water vapors, CO2 fixation and chlorophyll 

content of the older leaves) are available, which occur in plants for B toxicity (Chapman, 1997). 

Boron was found to accumulate in roots of summer squash and inhibition of root elongation and 

lateral root development occurred with excess B supply (Lovatt and Bates, 1984). Literature also 

indicate that B concentration in the cytosol may rise and cause metabolic disturbances by 

formation of complexes with nicotinamide adenine dinucleotide (NAD
+
) or the ribonucleotide 

units that form a key part of the RNA structure (Loomis and Durst, 1992; Chapman, 1997). 

 

2.7.3. Morphological changes 

Boron toxicity has been reported in dicotyledonous species grown in cereal belts of 

Southern Australia (Paull et al., 1992). In a glass house study regarding B toxicity of straw berry 

Frageria ananassa Duch.), Haydon (1981) that B concentration > 123 µ g g
-1

 in old leaves and 
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soil B concentration > 1.9 µ g g
-1

 were associated with B toxicity symptoms. Similarly, Yau and 

Saxena (1997) examined in a green house study on a group of durum wheat lines that high soil B 

levels (17.4 mg B kg
-1

) caused symptoms of B toxicity on the foliage, increased shoot B 

concentrations, retarded growth, and reduced grain yield. Delayed heading, greater reduction in 

grain yield than straw yield, severely reduced grain yield per tiller and decreased 1000-grain 

weight and number of heads per plant were also reported by Yau and Saxena (1997). Cartwright 

et al. (1984) found 17% reduction in grain yield in barley due to high soil B. Gupta (1983) 

described that in snap beans; toxicity caused a reduced growth and burned dark brown older 

leaves especially on the edges. Gupta also reported that B at 4 mg kg
-1

 caused poor and slow 

germination in tomatoes. He also pointed out that toxicity was caused at >125 mg B kg
-1 

in bean 

leaves and >172 mg B kg
-1

 in tomatoes leaves.  

 

2.7.4. Causes of boron toxicity 

The accumulation of B in the plant depends on the rate of B uptake by the roots, the 

transpiration rate, plant growth rate and the concentration of B in the soil solution (Cartwright et 

al., 1984). Leyshon and Jame (1993) reported that excess B in the soil may come from: 1) soils 

inherently high in B, 2) soils over fertilized with minerals high in B, 3) use of fossil combustion 

residues such as coal fly ash and aerosol fall out from power generating stations, 4) disposal sites 

of B containing waste materials, and 5) irrigation with water high in B content. The critical B 

concentration for toxicity in irrigation water varies between 100 µM and 1000 µM for sensitive 

and tolerant crops (Marschner, 1995). Numerous occurrences of B toxicity through the overuse of 

B fertilizer or the use of larger quantities of B blended fertilizers have also been reported by Gupta et 

al. (1985). 

 

2.8. Effect of boron on crop productivity 

For soils differing in texture, Anderson and Boswell (1968) reported that addition of B in 

soil at 0.45 and 0.89 kg ha
-1

 as solubor (20.5% B) increased cotton yields even when B 

deficiency was not evident in plants and did not cause detrimental effects on lint length. Increase 

in seed cotton yield was negatively correlated with the water soluble soil B and positively with 

pH. Anderson and Boswell (1968) also reported that seed lint ratio was unaffected with B at both 

levels. Keogh and Maples (1969) reported that B deficit soil was one of the major factors 
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reducing yields of cotton and soybean in Arkansas and Mississippi in the United States. They 

further reported that application of B fertilizer significantly increased yields of these crops. For 

sandy loam soil, Miley et al. (1969) reported that B application increased yield only in the 

presence of N. They further reported that B concentration in plant tissue was increased with soil 

applied B, decreased with applied N, and not affected by K application.  

 

Murphy and Lancaster (1971) carried out field experiments to evaluate different rates and 

method of B application on cotton. They found foliar as well as soil applied B were equally good 

for seed cotton yield. They determined 15 mg kg
-1

 as critical value of B for young leaves (at the 

third or fourth node from the growing points) for cotton crop. However, there was 5 to 10 mg kg
-

1
 more B contents in matured leaves (at the fifth and sixth nodes from the growing point). The 

concentration of B increased with increasing B levels and the leaves contained higher 

concentration than stem and roots. 

 

Smithson (1972) reported that B at 1.4 kg ha
-1

 resulted in a mean seed cotton yield of 

1611 kg ha
-1

 compared with 1175 kg ha
-1

 from the untreated control. There were no significant 

differences in micronair values, but fiber strength was greater in B treated plants. The terminal 

growth showed severe B deficiency in untreated control during later part of the experimental 

year. In Pakistan, Malik et al. (1992) reported that soil applied B at zero to 2 kg ha
-1

 significantly 

(P≤0.05) increased seed cotton yield, boll weight and seeds per boll on a silt loam soil (hot water 

soluble B was 0.3 mg kg
-1

 soil). However, fiber quality did not vary with these B rates. They 

suggested that 1 to 2 kg B ha
-1

 was optimum for getting maximum seed cotton yield on 

sustainable basis. Hot water soluble B in soil had significant correlation with seed cotton yield (r 

= 0.64), but correlation between B content of leaf and seed cotton yield was not significant (r = 

0.27). In a field experiment, Heitholt (1994) reported that foliar application of B at 0.22 kg 

increased leaf blade concentration from 25 to 70 mg kg
-1

 during 1991. He also reported that B 

application did not affect boll retention percentage and flower number or lint on a sandy loam 

soil having 0.11 mg B kg
-1

. In a other field experiment on silt loam soil, Howard et al. (1998) 

reported that soil applied B at 0.56 kg ha
-1

 increased seed cotton yield by 6%; whereas foliar 

applications of 0.11 kg B ha
-1

 increased yield by 8%. For cotton belt of Pakistan, Rashid and 

Rafique (2002) reported 14% increase in seed cotton yield over control with 1.5 kg B ha
-1

. They 
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established 53 mg kg
-1

 B as the critical level in diagnostic tissues for cotton. Görmüs (2005) 

reported that B at 0.0, 0.56 and 1.12 kg ha
-1

 significantly increased leaf blade B concentration, 

boll bearing, boll weight and lint yield over untreated plot. However, B did not affect the fiber 

qualities parameters. Dordas (2006a) also reported that foliar application of B increased the 

number of bolls plant
-1

, number of bolls m
-2

, the mean boll weight, the lint and the cotton seed 

yield. Seed cotton yield was increased by an average of 40% over the two locations with B 

compared with control plots. 

 

2.9. Interaction of boron with nutrients 

It is well known that interaction between nutrients in plants occurs when the supply 

of one nutrient affects the absorption and utilization of other nutrients. This type of 

interaction is most common when one nutrient is in excess concentration in the growth 

medium (Fageria et al., 1997). It may be positive and/or negative, and also possible to 

have no interactions with other elements. The interaction is positive (synergistic) when 

nutrients in combination results in a growth response that is > the sum of their individual 

effects. On the other hand, it would be negative (antagonistic) when the combined effect is 

< the sum of their individual effects (Fageria, 2001). Interaction of B with other plant 

nutrient is presented in Table 2.1. 

 

2.10. Residual effects of boron fertilizer 

Soil application of fertilizer B leaves a beneficial residual effect on succeeding crops in 

the same field. This is because of the fact that the first crop removes only a small fraction of the 

applied B, because most field crops removes less than 100 g B ha
-1

 and only crops like lucerne 

and cotton remove more than 300 g B ha
-1

 (Rashid, 2006b). Gupta (1984) found that broadcast 

application of 2.0 kg B ha
-1

 on loamy soil remained effective for 2 years for alfalfa and red 

clover. Khattak et al. (1988) reported that that application of 1.1 kg B ha
-1

 increased grain yield 

of maize by 20% and 6% in grain yield for the succeeding wheat over control plots. Yang et al. 

(2000) reported that application of B fertilizer at 1.1, 1.65 and 3.3 kg ha
-1

 showed residual effects 

on oil seed and rice for oil seed-rice rotation system.  
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Table 2.1. Interaction of boron with other plant nutrients  

Interacting 

nutrient 

Intera-

ction 

Crop Reference 

N + Chick pea (Cicer arientum L.); Wheat 

(Triticum aestivum L.); Barley 

(Hordeum vulgare L.); lentil (Lens 

culinaris Medic.); Corn (Zea mays L.); 

Tobacco (Nicotiana tabacum L.). 

Yadav and Manchanda (1979); Singh and Singh 

(1983); Singh and Singh (1984); Mozafar (1989); 

Lopez-Lefebre et al. (2002). 

P + Chickpea; Bean (Phaseolus vulgaris 

L.);, Castor bean (Ricinus communis 

L); Sunflower (Helianthus annuus 

Mill.);Tobacco;Tomato (Lycopersicon 

esculuntum Hill), Pepper (Capsicum 

annum L.) and Cucumber (Cucumis 

sativus L.). 

Yadav and Manchanda (1979); Singh and Singh 

(1990);; Ateeque et al. (1993); Anand Naik et al. 

(1993); Lopez-Lefebre et al. (2002) ;Dursun et al. 

(2010). 

K + Wheat and Gram; Barley; Lentil (Lens 

culinaris Medic.); Berseem (Trifolium 

alexandrinum);Tomato;Tobacco;Tom

ato, Pepper and Cucumber. 

  

Yadav and Manchanda (1979); Singh and Singh 

(1983); Francois (1984); Pal et al. (1989;Cramer et 

al. (1991); Lopez-Lefebre et al. (2002); Dursun et al. 

(2010). 

Ca - Wheat; Gram ; Lentil; Barley; Bean 

;Corn ; Tobacco;Tomato, Pepper and 

Cucumber.  

Yadav and Manchanda (1979); Singh and Singh 

(1983); Singh and Singh (1984); Singh et al (1990);; 

Muhling et al. (1998); Lopez-Lefebre et al. (2002); 

Dursun et al. (2010). 

Ca + Tomato ;Corn; Rose (Rosa indica L.). Yamauchi et al. (1986); Mozafar (1989); Ganmore-

Neumann and Davidov (1993). 
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Mg - Lentil; Barley; Tobacco; Tomato 

Pepper and Cucumber 

Singh and Singh (1983); Singh and Singh (1984); 

Lopez-Lefebre et al. (2002); Dursun et al. (2010). 

Cu + Ground nut (Arachis hypogia .L); 

Cotton; Sunflower; Tobacco; Tomato, 

Pepper and Cucumber. 

Gopal (1975); Gomez-Rodriguez et al. (1981); El-

Garably and Bussler (1985); Lopez-Lefebre et al. 

(2002);  Dursun et al. (2010). 

Mn - Sunflower; Cotton; Corn; Kiwifruit 

(Actinidia spp.). 

Gomez-Rodriguez et al. (1981); El-Garably and 

Bussler (1985); Mozafar (1989); Sotiropoulos et al. 

(2002). 

Fe - Ground nut; Sunflower;Cotton; Wheat 

;Tobacco 

Gopal (1975); Gomez-Rodriguez et al. (1981); El-

Garably and Bussler (1985); Singh et al. (1990); 

Lopez-Lefebre et al. (2002);  

Zn + Chickpea; Tomato, Pepper and 

Cucumber  

 Singh and Singh (1990); Dursun et al. (2010) 
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The residual effect of 1.1 kg B ha
-1

 remained fully effective in correcting B deficiency in oil-seed 

rape for 2 years in Inceptisols; whereas the residual effect of 1.65 kg B ha
-1

 showed positive 

effects for at least 3 years in both the Inceptisols and Ultisols. 

 

2.11. Critical level of boron 

2.11.1. Plants 

A critical level (CL) is the level of a nutrient element in the plant tissue and/or soil below 

which yield is reduced significantly (Goldbach et al., 2000). It is a diagnostic tool for 

formulating fertilizer dose. According to Smith (1986) critical concentration of a nutrient is 

minimum concentration of the nutrient in a specified plant part for producing 90% of biomass or 

yield of a plant species. Critical concentrations for the diagnosis of nutrient deficiency or toxicity 

are established from the relationship between the concentrations of the nutrients concerned in a 

specific plant part and the yield of the plants at specific growth stage (Reuter and Robinson, 

1986). The critical levels for B toxicity and deficiency vary considerably between species 

(Marschner, 1995). Critical level varied even within a species and the beginning of deficiency 

reaction also depends on climate (Wang et al., 1997). Literature indicate that choice of plant 

organs for plant analysis can greatly affect the critical nutrient concentrations and distribution 

and concentration of a nutrient in different plant parts differs with nutrient mobility and 

physiological age of the plant part (Marschner, 1995; Reuter and Robinson, 1986). A wide 

discrepancy exists in the literature regarding CL of B in plants especially for deficiency and 

toxicity as presented in Table 2.2. Reuter and Robinson (1986) described following plausible 

reasons for differences in B critical concentration in plants: 1) the phloem immobility of B, 

which causes an uneven distribution of B and more concentration in older leaves and at the leaf 

tips, 2) the strong influence of evapotranspiration on B uptake, 3) variation in analytical 

procedures and analytical error and 4) lack of uniformity of sampling procedures. 

 

2.11.2. Soils 

Many reports indicate that it is difficult to establish a critical value for B in soils, 

which would be valid universally for different environments and for different soil 

types (Heitholt, 1994; Goldberg, 1997; Dordas, 2006a). 
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Table 2.2. Deficient and toxic critical levels of boron in cotton   

Culture Tissue sampled Growth 

stage 

Critical 

(deficiency)  

(mg kg
-1

) 

Critical 

toxicity 

References 

Pot culture 

solution 

Whole shoot  63 DAP 80 160  Oertli and Roth 

(1969) 

Solution 

culture  

Youngest mature 

blade 

40 DAP 61 80 (85-

145) 

El-Gharably and 

Bussler (1985) 

Field study  3  and 4 leaf 

blade below 

apical (growing 

point) 

Maturity 15 - Murphy and 

Lancaster (1971) 

Field  Mature blade - 20  Jones (1989) 

Field Youngest 4
th

 

mature leaf blade 

Flower 

initiation 

53  Rashid and Rafique 

(2002) 

DAP: Days after planting. 
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Availability of soil B depends on SOM (Marzadori et al., 1991), pH (Lehto, 1995), 

temperature (Fleming, 1980),  native soil N level (Miley et al., 1969), soil moisture level 

(Mezuman and Keren, 1981), soil texture (Wild and Mazaheri, 1979) and calcareousness of 

soil (Goldberg, 1997). Therefore, it seems more appropriate to establish a site specific 

critical B values. 

 

Murphy and Lancaster (1971) reported 0.1 to 0.16 mg kg
-1 

soil as a CL of B for seed 

cotton yield. However, Anderson and Ohki (1972) reported no response of B fertilization even at 

lower soil B level (0.05 mg kg
-1

). Critical range of hot water extractable B were categorized 0.0 

to 0.4 mg kg
-1

 as very low; 0.5 to 0.8 mg kg
-1 

as  low; 0.9 to 1.2 mg kg
-1

 as medium;1.3 to 2.0 mg 

kg
-1 

as high (Page et al., 1982). Sillanpaa (1982) proposed 0.3 to 0.5 mg B kg
-1 

soil as a CL. 

Likewise, Sun and Xu (1986) proposed 0.55 mg B kg
-1 

soil as a CL for seed cotton yield; 

whereas Jiang et al. (1986) reported 0.4 to 0.5 mg B kg
-1

 CL for fine textured soil. Rashid and 

Rafique (2002) suggested 0.6 mg kg
-1

 B as a CL for cotton growing soils of Pakistan.  

 

2.12. Zinc as an essential nutrient 

Micronutrients either as trace or minor elements are the integral components in the 

biological system. Historically, Sommer and Lipman (1926) were the first scientists to determine 

Zn as an essential nutrient in Aspergillus niger. A comprehensive review on the role of Zn in crop 

plants has been published elsewhere (Bauer, 1971). Zinc is a major component of about 300 

metallo-enzymes that maintain functional, structural, and regulatory system in plants. It is also a 

cofactor in a large number of enzymes in higher plants (Brown et al., 1993). There are number of 

enzymes, which contain bound enzymes, i.e. carbonic anhydrase (CA), dehydrogenase, Cu-Zn 

superoxide dismutase (Cakmak et al., 1989) and RNA polymerase (Obata and Umebayashi, 

1988). It is also required for regulation of enzymes, such as dehydrogenases, aldolases, isomerases, 

transphosphorylases, RNA and DNA polymerases (Marschner, 1986), metabolism of 

carbohydrates and proteins (Jyung et al., 1975), synthesis of tryptophan, indoleacetic acid 

(Cakmak et al., 1989), and production of auxins in number of plants species (Marschner, 1986). 

A relationship was established between Zn requiring enzyme, i.e. carbonic anhydrase, and the 

regulation of photosynthesis in various plants (Graham and Reed, 1991). Brown et al. (1993) 

reported that Zn deficiency depressed net photosynthesis by 50 to 70% depending upon crop 
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species. The CA is closely related to supply of Zn during growth and impairing net photosynthesis 

in plant (Brown et al., 1993). As a part of defensive system, the enzyme superoxide dismutase 

catalyses the removal of the reactive and destructive superoxide (O2
-
) and hydrogen peroxide 

(H2O2) [Fridovich, 1986]. 

 

The deficiency of Zn results in stunted growth and 'little leaf rosette' in fruit trees due 

to limited production of auxins (Chandler et al., 1931). Moreover, Zn maintains turgor 

pressure for regulation of water relations. Sharma et al. (1995) indicated that Zn is involved in 

stomatal opening due to constituent of carbonic anhydrase in the guard cell. Under abiotic 

stresses, Zn serves to maintain membrane integrity due to its preferential binding with SH-group 

and retention of essential nutrients by roots (Marschner, 1995). Welch and Norvell (1993) 

also reported that Zn prevented the oxidation of sulfhydryl groups to disulfides in the root 

cell membrane. 

 

2.13. Factors affecting zinc availability 

There are number of factors (concentration of Zn in solution, ionic strength, and the 

interaction of Zn with other macro-and micro-nutrient elements), which may affect the Zn 

availability in soil to plants (Shuman, 1985). Zinc in the soil solution may occur as Zn
2+

, ZnC1
+
, 

and ZnOH
+
, complexed with OM or associated with colloidal particles. The extent of 

speciation of Zn depends on the stability constants for the species formed, ionic strength, pH, the 

type and relative concentrations of cations and anions present in soil solution (Lindsay, 1972b). 

The availability of Zn to corn plants has been shown dependant on its forms in solution 

rather than its total concentration (Halvorson and Lindsay, 1977). The total content of Zn 

varies from 10 to 300 mg Zn kg
-1

 with an average concentration of 50 mg Zn kg
-1

 in plants 

(Wedepohl, 1972). The maximum contents of Zn are found in some alluvial soils, while 

minimum in sandy textured soils and organic soils. Zinc in soil is present in various chemical 

pools, i.e. (i) in soil solution, (ii) on exchange sites of reactive soil components, (iii) in 

complexes with organic matter, co-precipitated with oxides and hydroxides of Al, Fe and Mn, 

and (iv) in primary and secondary minerals. These successive pools of Zn represent pools of 

decreasing availability for plant uptake (Hodgson, 1963). 
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Most of the crop plants show apparent or hidden hunger signs of Zn deficiency under 

different cropping and management systems (Takkar and Walker, 1993). Wide-spread deficiency 

of Zn is found on calcareous, high pH soils, coarse textured (sand), highly leached and acidic soils 

(Rashid and Ryan, 2004). The interaction of Zn with other essential elements (e.g. P, N and Cu) 

impacted negatively and led to Zn deficiency in plants (Loneragan and Webb, 1993). 

 

2.13.1. Effect of soil pH on zinc availability in soil 

Soil reaction markedly affects the availability of Zn in soils. Zinc is strongly adsorbed on 

silicate clays and oxides, thus reduces it availability. The availability of Zn decreases with 

increase in soil pH. The excessive liming in acid soils also results in poor availability of Zn to 

plants (Lopez, 1980; Jahiruddin et al., 1986). Sanders (1983) reported that concentration of Zn 

in soil solution decreased from 163.0 mg L
-1
 to 5.0 mg L

-1
 with increasing in pH from 4.8 to 6.5 

in a sandy loam. Reports indicate strong adsorption of Zn on surface of silicate clays and oxides 

at high soil pH (Lindsay, 1981; Harter, 1983). A negative and significant correlation has been 

reported with soil available Zn and soil pH for Punjab and NWFP provices of Pakistan (Kausar et 

al., 1979). Similarly, a negative relationship between soil pH and available Cu, Zn and Mn was 

also observed by Gupta et al. (1980). Moraghan and Mascagni (1991) reported that concentration 

of Zn in plants may reduce by 3 or 4 times over the soil pH range of 5.5 to 7.0. Plants require 

more Zn on alkaline soils than on acidic soil (Saeed and Fox, 1977). There may be precipitation 

of Zn as Zn(OH)2, ZnCO3 or calcium zincate [CaZn(OH)4.2H2O] compounds of lower 

availability for plants in alkaline calcareous soil (Clark and Graham, 1968).  

 

2.13.2. Soil temperature and light intensity 

Fluctuation in soil temperature and light intensity may affect the availability of Zn in soil 

to plants. Gruen et al. (1985) reported that more Zn was up taken by roots of plant at lower root 

zone temperature. Similarly, Schwartz et al. (1987) observed more accumulation of Zn in roots 

of barely and this could be due to less translocation of Zn from roots to top under lower 

temperature. A 10º
 
C increase in temperature resulted in an increase in extractable Zn by 15%, 

Cu by 24%, Fe by 30% and Mn by 54% over control (Lindsay and Norvell, 1978). The uptake of 

Zn reduced by 53% for clover (Trilfolium sulteramenum L.) and 65% for lucerene (Medicago 

sativa L.) grown under low light conditions as compared to those plant that were flourished 
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under full light conditions (Millikan, 1953). Marschner and Cakmak (1989) reported light 

intensity and long day length as the major factors for Zn deficiency symptoms in bean plants and 

this might be due to role of Zn in enzymes of protein synthesis (Marschner, 1993).  

 

2.13.3. Soil moisture 

Under submerged soil conditions, the concentration of water soluble Zn reduced 

compared with well drained soil (Ponnamperuma, 1972). There was a marked decline in the 

concentration of the water soluble Zn in submerged alkaline soil (Amer et al., 1980). This might 

be due to the co-precipitation of Zn with soluble Al and Fe in the soil (Sajwan and Lindsay, 

1986), While Ponnamperuma (1972) proposed the precipitation of water soluble Zn as ZnS. Lal 

and Taylor (1970) reported that concentration of Zn in corn increased with decreasing water 

table of soils of Ohio, USA. 

 

2.13.4. Soil organic matter 

Soil organic matter is considered as an important constituent consisting of a 

range of organic compounds such as humic substances, organic acids of low and high 

molecular weight, carbohydrates, proteins, peptides, amino acids, lipids, waxes, polycyclic 

aromatic hydrocarbons and lignin fragments (Stevenson and Ardakani, 1972). Geering and 

Hodgson (1969) reported that 60-75% of soluble Zn was found as soluble organic complexes. 

Usally components of SOM have a strong affinity to bind Zn (Schnitzer and Khan, 1978). In 

low land rice area of Asia, Yoshida et al. (1973) found a positive correlation between high pH, 

OM contents and low avaiaable soil Zn. Shuman (1975) noted  that soils having high OM or 

clay content showed a higher adsorption capacity and binding energy for Zn than sandy soils 

with low OM content (McBride, 1989). Almost two- third portion of Zn was complexed with 

organic compounds. A positive, but non-significant correlation between extractable Zn and 

SOM was observed by Gupta and Singh (1972). However, Bhatti et al. (1982) reported that Zn 

extracted by different extractants such as NH4H2PO4, MgCl2 and DTPA gave a positive correlation 

with SOM. For soils of Pakistan, Kausar et al. (1979) reported a positive correlation with 

DTPA-extractable Zn and SOM contents. Generally at high pH, Ca flocculates OM and 

reduces SOM solubilization and soil applied Zn may be adsorbed by soluble inorganic matter 

(Jahiruddin et al., 1985). 
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2.13.5. Factors affecting uptake of zinc by plant 

Nitrogen fertilization influences appreciably the uptake and supply of Zn and its 

dilution with in plant due to excessive vegetative growth. The presence of excessive quantity, 

i.e. Ca
2+

, Mg
2+

, Sr
2+

, Ba
2+

, and K
+
 could inhibit Zn assimilation by plants (Loneragan and Webb, 1993). 

Micronutrient cations, particularly Cu
2+ 

have been reported to have toxic and inhibitory effects that 

may influence the uptake of Zn by plants (Loneragan and Webb, 1993). The inhibitory effect has been 

found due to the competition between Cu
2+

 and Zn
2+

 for absorption sites in the plasma membrane of 

roots (Chaudhry et al., 1973). The reason being that higher competitive environment between Cu
2+

 

and Zn
2+

 for absorption sites in the plasma membrane of roots pronounced negative effects. Anions 

affect Zn uptake by plants through a variety of mechanisms. Anions such as phosphates 

(PO4
-3

) and nitrates (NO3
-1

) inhibit absorption of Zn by plants. There is a strong negative 

relationship between PO4 and Zn
+2

 for different soils (Loneragan and Webb, 1993). The 

interaction, often called "P-induced Zn deficiency" is commonly associated with high levels of 

available soil P or with application of NO3
-
. The pH of rhizosphere affects the uptake of Zn by 

plants. However, the effect of NO3
-
 on the uptake of Zn varies with plant species. For example, 

the rhizosphere pH of corn plants was 1.5 pH units higher than the bulk soil pH; whereas the 

rhizospheric pH of chickpea was 1.5 pH units lower even though equal amount of NO3
-
 was 

supplied in both cases (Marschner and Romheld, 1983). The presence of organic ligands and 

chelating reagents (anions) cause to increase Zn concentration in soil solution (Hodgson et 

al., 1966). 

 

2.14. Zinc in plant nutrition 

2.14.1. Protein metabolism 

Zinc is involved in protein synthesis. Cakmak et al. (1989) reported that Zn deficient 

bean had lower rate of biosynthesis and contents of protein and higher concentration of free 

amino acids than Zn sufficient plants. They also observed that re-supply of Zn reversed the 

things within 24 to 72 hours. This decrease of protein in Zn deficient plant might be due to 

reduction in RNA polymerase (Zn containing RNA synthesizing enzyme) (Falchuck et al., 1978) 

and increase in ribonuclease (RNase) (an enzyme that adversely effects the biosynthesis of 

ribosomal RNA) and RNase activity is reduced under Zn sufficient conditions. 
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Kitagishi and Obata (1986) reported reduction in RNA level and free 80S ribosome in 

meristematic tissues of rice seedlings under Zn deficient conditions. According to Prask and 

Plocke (1971), Zn is structural component of ribosomes, which are deformed under Zn 

deficiency. Zinc also effects protein metabolism through its involvement in DNA transcription 

and replication (Brown et al., 1993; Marschner, 1995). 

 

2.14.2. Carbohydrate metabolism 

Zinc affects metabolism through its influence on photosynthesis and sucrose and starch 

formation. Net photosynthesis was reduced from 50 to 70%, but depending upon plant species 

and extent of Zn deficiency. Carbohydrate metabolisms in plants depend on many Zn containing 

enzymez (Brown et al., 1993), carbonic anhydrase (CA), a Zn containing enzyme (Tobin, 1970) 

and its activity decrease in plants under Zn deficiency (Gibson and Leece, 1981). In C4 plants 

(maize and sorghum), CA speeds up the conversion of CO2 to HCO3 in the cytoplasm of 

mesophyll cells, while function of CA is not certain in C3 plants. The CA is found in the 

chloroplasts where it favors the conversion of HCO3 back to CO2. Usually CA is present in 

excess amount that is demanded by photosynthesis in C3 plants Jacobson et al., 1975). However, 

the activity of CA is less under Zn deficiency even the maximum net photosynthesis can occur 

(Randall and Bouma, 1973). Carbonic anhydrase favors the supply of CO2 from the stomatal 

cavity to the site of CO2 fixation in rice leaves (Sasaki et al., 1998). However Rengel (1995) 

noted a decrease in photosynthetic rate of wheat under Zn deficiency, which caused a decrease in 

CA activity. Seethambaram and Das (1985) reported that activity of rubisco (Zn dependent 

enzyme) that speeds up the initial step of CO2 fixation is activity decreased in rice and pearl 

millet (Pennistum americanum L.) under Zn deficiency. Similarly, the activity of other enzymes 

such as fructose 1, 6 biphosphatase (Zn containing enzyme) and adolase decreased under Zn 

deficiency (Seethambaram and Das, 1984). Cakmak and Marchner (1993) noted that Zn 

deficiency caused reduction in photosynthetic activity due to decrease in chlorophyll contents, 

while Brown et al. (1993) stated adverse effects of Zn deficiency on chloroplasts structure. 

 

2.14.3. Auxin metabolism 

In the first part of 20
th

 century, Skoog (1940) noted that under Zn deficient conditions, 

Indole Acetic Acid (IAA) levels were reduced in tomato plants and plant height decreased. By 
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the addition of Zn, IAA levels increased and consequently plant height increased. Tsui (1948) 

showed Zn involvement in the biosynthesis of tryptophan, which is regarded as the precursor for 

the biosynthesis of IAA. Takaki and Arita (1986) and Cakmak et al. (1989) concluded from their 

research studies that Zn is indispensable for the pathway of IAA biosynthesis from tryptophan. 

Brown et al. (1993) suggested that Zn is involved in the synthesis of tryptophan. They noted in 

rice plant grown on a calcareous soil that tryptophan contents increased in rice grain by Zn 

application. Gibberellins like substances decreased in the Zn deficient bean leaves and Zn 

deficient roots of oat (Avena sativa L.), barley and maize Suge et al. (1986).  

 

2.14.4. Reproduction 

Flowering and seed production are influenced greatly by Zn stress (Brown et al., 1993). 

Similarly, Hu and Sparks (1990) reported that in pecans flowering and seed production reduced 

under Zn deficient conditions. In subterranean clover, Ricemean and Jones (1959) observed that 

dry matter yield enhanced slightly by increasing Zn levels, but seed yield increased markedly 

due to the formation of more inflorescences and seeds under acute Zn deficiency. Anthers were 

small and were devoid of pollen grains in wheat (Sharma et al., 1979). Polar (1970) reported 

greater Zn contents in reproductive organs for bean than vegetative ones. 

 

2.14.5. Membrane integrity 

Zinc is involved in membrane stability and function. Welch et al. (1982) observed higher 

leakage of 
32

P from Zn deficient wheat roots than from sufficient ones. Similar research studies 

of Cakmak and Marschner (1988a) showed more exudation of K
+
, amino acids, sugars and 

phenolics under Zn deficiency, while resupply of Zn reduced the electrolyte leakage from Zn 

deficient plants. Zinc plays an important role for the maintenance of membranes by interaction 

with sulfhydryl groups of membrane proteins and phospholipids (Chvapil, 1973; Sunamoto et al., 

1980). 

 

Generation and detoxification of free oxygen radicals are also controlled by Zn. Cakmak 

and Marschner, 1988b and 1988c) reported higher levels of O2 and O
-
2 generation NADPH 

oxidase in Zn deficient plant roots. Under Zn deficiency, the activity of NADPH oxidase is 

increased and that of superoxide dismutase decreased. Similarly, Cakmak and Marschner 
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(1988c) reported decreased activity of catalase, which scavenges H2O2. From these studies, it can 

be concluded that stability of bio membranes under Zn deficiency is affected in plants by the 

generation of free oxygen radicals (O2) and O2-derived toxic O2 species. 

 

2.15. Occurrence of Zn deficiency 

2.15.1. International 

A great variation exists in geographic distribution of Zn due to eco-edaphic factors 

across the world (Viets, 1966). Sillanpaa (1982) reported that the soils of most of the countries, 

i.e. Iraq, Turkey, India, Pakistan, Syria, Lebanon, Mexico, Italy, Nepal, and Brazil including 

vast area of African continent, Tanzania, and Thailand are deficient in Zn nutrient (Fig. 2.2). 

Most of the calcareous soils of Turkey are also deficient in Zn for a range of crops (Cakmak et 

al., 1999). In Africa, Zn deficiencies have been reported in Nigeria, Guinea, the Ivory Coast, 

Sierra Leone, Sudan, and Zimbabwe (Kang and Osiname, 1985). In most of these countries, Zn 

deficiency has also been induced due to use of excessive liming to raise the soil pH. 

 

Zinc deficient soils are found in the arid and semi-arid regions rather than in the humid 

and sub-humid regions of India (Katyal and Vlek, 1985). The North-Central Region of West 

Java, the tropical soils of Taiwan, and the poorly drained calcareous paddy soils of China have 

been reported to be Zn deficient (Katyal and Vlek, 1985). Zinc deficiency of rice is 

commonly reported for crops growing on calcareous alkaline soils (Yoshida and Tanaka, 1969). 

Bell et al. (1990) also found the soils of the semi-arid northeastern region of Thailand to be 

adequately supplied with Zn for food legume production. 

 

2.15.2. Local 

Zinc deficiency is the 3
rd

 most serious crop nutritional constraint in the country after N 

and P deficiency (Rashid et al., 1991).Yoshida and Tanka (1969) were the first, who reported Zn 

deficiency in Pakistan when Hadda disease of rice was diagnosed as Zn deficiency. Lateron, 

widespread Zn deficiency was reported in rice growing areas (Kausar et al., 1976). found as Zn 

deficient.
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Figure 2.2. Countries with reported zinc deficiency or high probability of zinc deficiency (Adapted 

from Alloway, 2004). 
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Various crops in the country such as maize (Rashid et al., 1979), wheat (Khattak and Parveen, 

1986), citrus (Rashid et al., 1991), sorghum (Rashid and Qayyum, 1991) and cotton (Rashid, 

1996) exhibited Zn deficiencies. Rashid et al. (1988) reported that 70% of the cultivated area of 

the country was zinc deficient. 

 

On province basis, 87% of cropped area in the Punjab under rice-wheat system, 66% in 

rainfed Potohar Plateau and 40% in cotton-wheat system, while in NWFP, 37% fields are Zn 

deficient. On an average, up to 47% of cultivated field in Sindh are deficient in Zn. However, in 

Baluchistan more than 90% area is low for Zn content because of very high lime (Anonymous, 

1998). 

 

2.16. Symptoms of zinc deficiency in plants 

Symptoms of Zn deficiency occur as interveinal chlorosis of leaves, production of small, 

often distorted leaves, shortened internodes and death of the growing point (Marschner, 1995). Zinc 

deficiency depresses root growth in monocots and dicot crops. In monocotyledon crops like wheat, 

the symptoms of Zn deficiency are usually observed early in young seedlings. The degree and 

extent of the symptoms depend on the severity of the deficiency. The extreme deficiency 

results in paling of leaves and stunted plants showing necrotic areas about half way along the 

leaf. The germination of cotton seeds usually is normal under Zn deficient conditions. Shortly, 

after the appearance of the first true leaves, a general bronzing and often a pronounced inter-

veinal chlorosis appears with distinct grapevines. The leaves become thick and brittle with their 

margins cupped upward. Squares and flowers may develop on Zn deficient plants before 

retardation of growth commences, but these usually are shed (Donald, 1964). 

 

In cotton, the degree and extent of deficiency symptom of Zn vary with plant age, 

environmental conditions, severity and stage of the deficiency, as well as the supply of other 

nutrients (Donald, 1964). The symptoms may be slight or transient and either masked by other 

nutritional deficiencies or by unrelated factors such as disease and weather (Brennan and 

McGrath, 1988). Moreover, a great care is needed due to similarity with symptoms of other 

nutrient. The gradient of Zn contents differ due to plant age, crop species, cultivar and eco-

edaphic factors. The mobility of Zn is variable in the phloem of plants. Thus, 
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concentration of Zn in leaves may vary from 10 to 15 mg kg
-1

 in deficient plants and 15 

to 100 mg Zn kg
-1

 in healthy leaves. The requirement of Zn is higher during 

reproductive development compared to vegetative growth (Longnecker and Robson, 

1993). Moreover, Reuter et al. (1982) reported that maximum concentration of Zn was 

found in youngest folded leaf than youngest opened leaves of clover. The Zn is 

remobilized and transported from root to shoot. The translocation of Zn depends upon 

level of its supply in the soil, N status and demand by the plant (Pearson and Rengel, 

1994).  

 

2.17. The release of zinc over the period 

The deficiency of Zn could increase or intensify due to restricted root 

development. The deficiency could also occur due to root diseases. The releasing 

capacity of Zn in the soil could be increased by application of Zn fertilizer. Zinc applied 

to soil not only provides Zn to plants in the year of its application, but in the years to 

come. The reason being, Zn is adsorbed on clay colloids, organic residues and its 

derivatives. Zinc is released depending upon requirement of crops, cultural management 

and other favorable factor responsible for desorption of the nutrient. The quantification 

of release of Zn over the period of times determines that how much required quantity of 

Zn could be available for sustained crops production. The long-term field experiments 

on residual studies of nutrients advances knowledge in better crop management 

practices and to avoid buildup of toxicity levels of nutrients. The reduction of Zn 

availability to plants results because of greater capacity of soils to adsorb Zn and that 

exceeds the usual amounts of Zn applied. Moreover, the mobility of Zn is very limited 

either downwards or side wards (Brown et al., 1962). Zinc is removed physically during 

soil erosion. 

 

The uptake of Zn by different crops is quite variable. Wheat and barley removed 

about 5-25 g Zn t
-1

 of grain, lupin seed 17-30 g Zn t
-1

, cotton 150 g Zn t
-1

 and wool and 

animal meats < 10 g Zn ha
-1

. However, high yielding wheat-rice rotation, the loss of Zn was 

about 250 g Zn ha
-1

 in the grain of wheat and rice crops each year (Bell et al., 2004). 
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2.18. Role of zinc in cotton production 

Rashid and Rafique (2000) reported a significant response of cotton to Zn fertilization on 

alkaline calcareous soils of Pakistan. They reported 14% increase in seed cotton yields with Zn 

fertilization. Soomro et al. (2000) found that B and Zn as micronutrients exerted beneficial 

effects on seed cotton yield. The application of both nutrients resulted in significant increase in 

yield, when applied alone and/or in combination. Foliar application of Zn at the rate of 0 and 50 

mg kg
-1

 at day 80 after planting cotton crop resulted in an increase in cotton yield, seed index, oil 

and protein contents, oil refractive index and total unsaturated fatty acid (Sawan et al., 2001). 

Sawan et al. (1997) reported that higher dry matter production of cotton was due to greater P, Zn 

and Ca uptake. The number of bolls per plant, boll weight, seed index, lint index, seed cotton and 

lint yield ha
-1

 and earliness of harvest were also increased with Zn application. Prasad and Prasad 

(1996) found that application of Zn influence little on plant height, number of bolls and boll 

weight. Khandagave et al. (1996) reported that application of Zn sulphate at the rate of 25 kg ha
-1

 

caused significant increase in total dry matter, harvested bolls and seed cotton yield.  

 

2.19. Critical nutrient concentration 

The deficiency of Zn is determined experimentally on the basis of crop response through 

determining the critical nutrient concentration (Marschner, 1995). The quantification of critical 

concentration helps to detect deficiency or toxicity levels for a nutrient in plants. Rashid et al. 

(1994) reported that critical Zn concentration varied greatly with growth stages and partitioning 

in plant parts. They found 15-17 mg Zn kg
-1

 at day 22 after planting compared to 63 mg kg
-1

 at 

flowering. The determination of critical nutrient concentration in the soil is another step to 

determine requirement of crop on soil test basis. 

 

Many reports regarding CL of soil Zn are available in literature. Lindsay and Norvell 

(1978) reported that the CL of DTPA-extractable Zn in soil was 1.0 mg kg
-1

. Similarly, Bansal et 

al. (1990) mentioned that the CL of soil Zn for wheat in alkaline soils of semi-arid regions of the 

Punjab (India) was 0.75 mg kg
-1 

soil of DTPA-extractable Zn. While, Rezaei and Malakouti 

(2001) reported 1.1 and 1.3 mg kg
-1 

as CL of Zn in soil for cotton crop in alkaline calcareous soil 

of Iran. Page et al. (1982) classified Zn as 0.0-0.5 mg kg
-1 

(very low), 0.6-1.0 mg kg
-1 

(low), 1.1-

3.0 mg kg
-1 

(medium) and 3.0 mg kg
-1

 (high) for Zn. 
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Singh and Shukla (1985) found 1.75 mg kg
-1 

0.1 N HCl extractable soil Zn as CL of Zn in 

non-calcareous soils for wheat. For rice, Singh (1984) suggested 2.1 mg kg
-1 

HCl extractable Zn 

as CL for Zn application. The adequate levels of Zn differs from soil to soil and crop to crop 

(Katyal. 1978). Zinc availability decreases with increasing pH and calcareousness (Graham et al., 

1987). Availability of Zn in soil depends on many factors such as temperature (Mengel and 

Kirkby, 1987), soil moisture content (Mikkelsen and Brandon, 1975), parent material (Aubert 

and Pinta, 1977), soil pH (Bar-Yosef et al., 1980), OM (Lindsay,1972a), redox potential (Sajwan 

and Lindsay, 1986) and nutrient interactions (Loneragan and Webb, 1993). Armour and Brennan 

(1999) reported 0.41, 0.48, 0.10 and 0.50 mg kg
-1

 as critical concentration of Zn for barley, pea, 

sugarcane (Saccharum officinarum) and beans, respectively. 

 

2.20. Zinc interaction 

The nutrient interactions in plants take place when the addition of one nutrient 

influences the absorption and utilization of other nutrients. Fageria (2001) has explained 

the synergistic and antagonistic effects of nutrient (see section 2.9). Interaction of Zn with 

other plant essential elements is shown in Table 2.3. 

 

2.21. Residual effect of zinc fertilizer 

The major portion of applied Zn, ca 90% is absorbed on clay colloid and a very small is 

available to plants (Tehrani, 2005). Losses of Zn by leaching are negligible at application rates of 

2 kg Zn ha
-l
 or less even with high rainfall on sandy soils (Brennan and McGrath, 1988). Zinc 

fertilizer has relatively lower mobility in soil and has a tendency to accumulate in soil. A 

fertilizer has a residual effect when it is applied to the first crop and then the succeeding crop is 

benefited from it. Zinc is known to have residual effects (Boawn, 1974) because of the relatively 

slow reversion of applied Zn to plant unavailable forms (Bidwell and Dowdy, 1987; Payne et al., 

1988). The activity and extractability of water soluble Zn in soil decreases and transforms to 

more stable forms in solution and solid phases (Barrow, 1986; Shuman, 1991). The availability 

of Zn applied to soil is reduced on long-term basis (Ma and Uren, 2006). 
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Table 2.3. Zinc interactions with other nutrients  

Interacting 

nutrient 

Interaction Crop Reference 

N + Rice  Ranjha et al. (2001) 

N, P + Corn Ziaeyan and Rajaie (2009) 

N + Rice  Bansal and Patel (1986) 

P - Coriander (Coriandrum sativum L.) Gupta (1995) 

P - Wheat  Imtiaz et al. (2006) 

P - Okra (Hibiscus esculantis) Loneragan et al. (1982) 

K + Wheat  Gupta and Raj (1983) 

K + Maize Shukla and Mukhi (1980) 

Ca, Mg, P 

and Cu 

- Rye grass (Lolium perenne L.) leaves Bonnet et al. (2000) 

Mn, Fe, Cu - Wheat  Imtiaz et al. (2003b) 

Mn, Cu - Rice Fageria et al. (2002) 

Zn - Rice Mandal et al. (2000) 

Mn + Soybean (Glycine max) Foy et al. (1978) 

Fe - Soybean  Foy et al. (1978) 

B + Corn  Hosseini et al. (2007); Halder et al. (2007); 

B + Mustard (Brassica  nigra) Sinha et al. (2000) 

B, Mn + Barley  Brune and Dietz (1995) 

B - Barley and Wheat Graham et al. (1987); Singh et al. (1990) 

Zn - Sargassum sp de Franca et al. (2002) 

Zn - Legume Bell et al. (1989) 

Zn - Wheat  Choudhry and Loneragan (1972) 
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The plants recover nearly 0.3-3.5% annually of the soil applied Zn (Boawn, 1974). Patel et al. 

(2003) noted that first crop utilized 3 to 6% of applied Zn to the crop and leaving behind more 

than 82.5% sufficient residual amounts for succeeding crops. 

 

It may last for more than 5 years. Boawn (1974) reported that application of 56 kg Zn ha
-1

 

was sufficient to maintain Zn at 0.80 mg kg
-1

 for 2 years. Takkar (1996) reported that Zn at the 

rate of 5 kg ha
-1

 applied for rice-wheat system on a silt loam left residual effect for five rice and 

six wheat crops. Khattak et al. (1988) observed that application of 11.6 kg Zn ha
-1

 to maize 

increased maize yield by 18% and succeeding wheat grain yield increased by 16% as compared 

to control. Application of higher rates of Zn fertilizer to soil caused a buildup of DTPA-

extractable soil Zn and enhanced the yield of subsequent crops (Takkar et al., 1975; Singh and 

Abrol, 1985; Khurana et al., 1996). 
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CHAPTER 3 

MATERIALS AND METHODS 

 

3.1. Experimental site description and soil sampling 

Permanent layout field experiments were conducted during 2004 and 2005 at the 

experimental farm of University College of Agriculture, Bahauddin Zakariya University, Multan, 

Pakistan; longitude: 71
o
, 30.79′ E; latitude: 31

o
, 16.4′ N; altitude of 128 m). The soil, belonging 

to the Sultanpur series (coarse silty, hyperthermic, Typic Haplocambid) (Soil Survey Staff, 1998) 

and developed in an arid climate in sub-recent floodplains of the Indus delta, is porous, friable, 

moderately calcareous, and weakly structured. The climate is hot and temperature may rise up to 

48-50
o
C during summer season. There are great diurnal fluctuations in temperature. The rainfall 

is very uncertain and most of the precipitation occurs during monsoon season (July to 

September). There is high evaporative demand during summer, which results in drought 

conditions. Cotton crop often experiences drought stress during its growth period. Under these 

circumstances, supplemental irrigation is necessary to raise the crops. The meteorological data, 

i.e. maximum, minimum and average temperature, relative humidity and rainfall) recorded 

during the growth period is illustrated in Appendices 1 to 4. Composite soil samples were 

collected from plough layer (0-30 cm) prior to applying experimental treatments to the 2004 

cotton crop. Soil samples were air-dried, ground and passed through a 2 mm sieve. Data 

regarding physico-chemical properties of experimental field soil are shown in Table 3.1. 

 

3.2. Field experiments 

3.2.1. Effect of boron fertilizer on cotton crop 

This experiment was conducted to study the effect of B fertilizers on cotton crop during 2004 

and 2005. 
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Table 3.1. Physico-chemical characteristics of experimental field soil  

Characteristics  Vaues 

Soil series Sultan Pur 

Texture  Silt loam 

Sand (%) 29.0 

Silt (%) 53.0 

Clay (%) 18.0 

Organic matter (%) 0.78 ± 0.02 

CaCO3 (%)  5.6 ± 0.23 

pH  8.1± 0.10 

Electrical conductivity (dS m
-1

) 1.8 ± 0.03 

Available-P (mg kg
-1

) 9.0 ± 0.56 

Available-K (mg kg
-1

) 162.0 ± 11.14 

DTPA-extractable Zn (mg kg
-1

) 0.54 ± 0.06 

HCl-extractable B (mg kg
-1

) 0.47 ± 0.04 

DTPA-extractable Fe (mg kg
-1

) 6.8 ± 0.31 

DTPA-extractable Mn (mg kg
-1

) 4.3 ± 0.43 

DTPA-extractable Cu (mg kg
-1

) 2.7 ± 0.32 

           Number of observation (n) = 8; ± Standard deviation 
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The physico-chemical properties of experimental field soil are listed in Table 3.1. Boron 

fertilizer at 0.0 (control), 1.0, 1.5, 2.0, 2.5, and 3.0 kg B ha
-1

 in the form of borax 

[Na2B4O5(OH)4.8H2O: 11.3% B] was broadcast and incorporated in the soil before the sowing of 

crop. Boron treatments were placed according to the randomized complete block design with 

four replications. The fields were clean from surface vegetation, ploughed and planked. Net plot 

size was 121.9 m
2
. Cotton seeds (cv. CIM 473) were delinted with sulphuric acid (H2SO4) and 

dried under shade. The cotton seeds were dibbled manually by maintaining row-to-row distance 

of 75 cm and plant-to-plant 30 cm. Crop was planted on raised beds during last week of May, 

2004 and 2005. The N, P, K and Zn were applied @150, 60, 50, and 5 kg ha
-1

, respectively as 

urea, triple super phosphate, sulphate of potash and zinc sulphate. All P, K and Zn were applied 

at the time of sowing. Nitrogen was applied in three equal doses. One-third of N was applied at 

sowing, one third at flower initiation and the remaining one third at peak flowering stage. Weeds 

were controlled by applying herbicide (Stomp-330E at 2.5 L ha
-1

). Twenty days after planting, 

plants were thinned out to maintain the recommended plant population (i.e. 40,000 plants ha
-1

). 

During growth period, the crop was sprayed with recommended pesticides to protect it from 

insect pest attack. The best management practices were adopted in order to minimize damage to 

growing fruiting positions during the growth period of crop. The crop was irrigated with ground 

water [electrical conductivity (EC) 0.60 dS m
-1

; sodium adsorption ratio (SAR) 2.08 (mmol L
-

1
)
1/2

; residual sodium carbonate (RSC) nil)] as and when required. The first post plant irrigation 

was applied at day 1
st
 after planting, 2

nd
 three days after planting followed by 10-12 days 

intervals during the growth period. The cut out irrigation was applied during the first week of 

October. Recommended agronomic practices (hoeing, interculture, etc.) were followed 

throughout the growth period. The crop was grown up to maturity. 

 

3.2.1.1. Plant sample collection 

Fifteen healthy plants were selected randomly from each plot and tagged for collection of 

leaf samples. Diagnostic leaves, i.e. 15 youngest fully matured fourth leaf blades from the top on 

the main stem were collected at 30, 45, 60, 90 and 150 days after planting (DAP). The youngest 

immature leaves were also collected to study the immobility of B in cotton plant. The leaves 

were washed with de-ionized water and dried in oven at 70
o
 C for 48 hours. The dried leaves 
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were ground with a John Wiley mill and passed through a 40 mesh screen and stored in air tight 

plastic containers prior to chemical analysis. 

 

3.2.1.2. Physiological studies 

3.2.1.2.1. Chlorophyll content (SPAD) 

Data regarding chlorophyll contents were recorded at flowering stage. A portable 

chlorophyll meter (Minolta SPAD-502, Minolta Camera Co., Japan) was used to record data on 

chlorophyll meter readings (SPAD) of the fully expanded intact leaves. Fully expanded fourth 

leaf from apex (one leaf per plant) was selected from each plant. Twenty five SPAD readings 

were averaged to represent the mean SPAD value for each experimental plot. 

 

3.2.1.2.2. Membrane leakage 

Membrane permeability was measured at peak flowering stage by excising the fully 

expanded 4
th

 leaf from the top on main stem according to the method described by Yan et al. 

(1996). Briefly, a portion of fresh material at the middle of the leaves at flowering stage from the 

harvested plants was weighed into a glass beaker having reverse osmosis water. The beakers 

were immersed at 30º C for 3 hour, and then the conductivity of the solution was measured with 

a conductivity meter (HI 8633, Hanna Instruments Co. Ltd). After boiling the samples for 2 min, 

their conductivity was measured again when the solution was cooled to room temperature. The 

percentage of electrolyte leakage was calculated by using the following formula: 

 

Where C1 is the electrolyte conductivity before boiling and C2 is the electrolyte conductivity 

after boiling. 

 

3.2.1.2.3. Gas exchange characteristics 

Measurements of net photosynthetic rate (PN) , transpiration rate (E), intercellular CO2 

(Ci) and stomatal conductance (gs) were made on a fully expanded 4
th

 leaf from top of each plant 

using an open system LCA-4 ADC portable infrared gas analyzer (Analytical Development 

Company, Hoddesdon, England). Measurements were taken at flowering stage from 9.0 to 11.0 

hours with the following specifications/adjustments: molar flow of air per unit leaf area 403.3 

100 ) 
2 

1 ( (%)   
C 

C EC 
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µmol m
-2

s
-1

, atmospheric pressure 99.9 kPa, water vapour pressure into chamber ranged from 6.0 

to 8.9 mbar, PAR at leaf surface was maximum up to 1711 µmol m
-2 

s
-1

, temperature of the leaf 

ranged from 30.7 to 42.0
o 

C, ambient temperature ranged from 28.6 to 38.5
o
C, and ambient CO2 

concentration was 352 µmolmol
-1

. Data for water use efficiency (WUE) were computed by the 

following equation: 

 

 

3.2.1.3. Collection of data 

Data on plant architecture, i.e. plant height, number of nodes, and internodal length were 

recorded at maturity by measuring each plant from cotyledon node to the top of the terminal bud. 

 

Cotton plants were harvested from one square meter (1 m
2
) area from each experimental 

plot. The plants were separated into leaves, stalks, and fruit. The fruits were separated into bur, 

seed and lint. Data on biomass production was determined according to Wells and Meredith Jr. 

(1984).  

 

The measurements on fruit production were obtained on all test plants (tagged plants) 

harvested at maturity. Data included (a) number of total fruiting positions (i.e. total aggregate 

number of squares, flowers, and bolls, including abscised and retained), and (b) number of total 

intact fruits (i.e. aggregate number of squares, flowers and bolls, whether immature or matured) 

according to methods outlined by Wells and Meredith Jr. (1984). 

 

At maturity, data on components of seed cotton yield, i.e. number of bolls per plant, boll 

weight and seed index (SI), were recorded from 20 plants harvesting from two central rows of 

each experimental plot. The crop was picked manually twice at 2 to 3 week interval and 

production of seed cotton were calculated on an areas basis. Data on boll weight were obtained 

by dividing the total seed cotton yield with total number of effective bolls picked from the 

tagged plants. Boll weight was determined by dividing seed cotton weight by number of bolls 

harvested. Data on relative yield and SI were calculated according to the following formulae: 

)(

)(
12

2
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Seed Index = Weight of 100 seeds (g) 

 

 

3.2.1.4. Fiber quality parameters 

The technological properties of cotton fibers, i.e. fiber length, fiber finess, fiber strength 

and fiber uniformly ratio were determined by high volume Instrument (HVI), a fiber test 

system manufactured by M/S Zellwegar Uster Ltd., Switzerland. The instrument was calibrated 

according to standard method prescribed in the “Instruction Manual” (M/S Zellweger Ltd., 

1994). The total procedures were adopted as described by ASTM standard (1997). Ginning 

out-turn (GOT) is characterized as lint percentage. The samples of seed cotton were cleaned 

and the lint and cotton seed were seprated using single ruler laboratory gin. The ginning outern 

was calculated by the using the formula  

100(%) 
ttoncoseedofWeight

tlinofWeight
GOT

 

Seed cotton samples from each experimental plot were taken, weighed, ginned out with a 

roller machine and GOT was calculated. 

 

3.2.2. Effect of zinc fertilizer on cotton crop 

An experiment was conducted to study the effect of Zn fertilizer on cotton crop during 

May of 2004 and 2005. Zinc fertilizer at 0.0 (control), 5.0, 7.5, 10.0, and 12.5 kg ha
-1

 in the form 

of zinc sulphate (ZnSO4.7H2O: 21% Zn) was broadcast and incorporated in the soil before crop 

sowing. Zinc treatments were applied according to the randomized complete block design with 

four replications. Fertilizer sources and doses with exception of Zn and procedure for 

application, net plot size, sowing of crop, agronomic and plant protection measures, 

physiological parameters (chlorophyll contents, membrane leakage, and gas exchange), and other 

parameters studied during growth period and at maturity of the crop were same as for B fertilizer 

experiment (Section 3.2.1). However in this experiment B fertilizer at 1.0 kg ha
-1

 was also 

applied along with other fertilizers. 

 

100(%) 
yieldMaximum

treatmentofYield
YieldelativeR
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3.2.3. Residual and cumulative effects of boron and zinc fertilizers on cotton and wheat in 

 cotton-wheat system 

After harvesting of cotton crop (2005), each experimental plot was sub-divided into two 

equal sub-plots (net sub-plot size was 60 m
2
) to accommodate residual and cumulative 

treatments of B and Zn fertilizers. Boron and Zn fertilizers were not applied in one of the sub-

plots to assess residual effect of initially applied fertilizers (applied once to 2005 cotton crop); 

whereas in the other sub-plot, the respective doses of B and Zn (Sections 3.2.1 and 3.2.2) were 

imposed to wheat [cv. Inqalab-91: 2005-2006], cotton (2006), and wheat (2006-2007) for 

cumulative study.  

 

3.2.3.1. Wheat (2005-06) 

After harvesting of cotton crop (2005), the beds were leveled off, ploughed and planked. 

Fungicide (Benlate) treated seeds of wheat (@ 2.0 g kg
-1

 of wheat grain) were drilled in residual 

and cumulative sub-plots during November 2005. Fertilizers (N, P and K), their doses and 

procedure for application, agronomic and plant protection measures were same as explained in 

3.2.1 for B and 3.2.2 for Zn experiments. Flag leaves (25 plants randomly selected from each 

residual and cumulative plot) were collected. Leaves were washed with de-ionized water, dried 

in an oven at 70° C, ground and stored in air tight plastic containers for laboratory analysis. Crop 

was grown up to maturity and grain and straw yield data were recorded. The crops were 

harvested manually (during April 2006) from an area of one square meter. Yield parameters such 

as plant height (cm) number of tillers m
-2

, 1000-grain weight (g) and spike length (cm) were 

recorded at crop maturity. At maturity, grain and straw samples were also collected. The plant 

material (grain and straw) was dried in oven at 70
o
 C for 48 hours. The material was ground with 

a John Wiley mill and passed through a 40 mesh screen and stored in air tight plastic containers 

prior to chemical analysis.  

 

3.2.3.2. Cotton (2006) 

In the same layout, after harvesting of wheat (2005-06), delinted cotton seeds were 

dibbled on the raised beds in residual and cumulative sub-plots during May 2006. Fertilizer 

sources and doses, agronomic and plant protection measures were the same as explained in 

section 3.2.1 and 3.2.2. Crop was grown up to maturity and seed cotton yield and its components 



 

48 

 

were recorded. For cotton, leaf samples were collected at flower initiation stage. The plant 

material was washed with de-ionized water, dried in oven at 70
o
 C for 48 hours, ground and 

stored in air tight plastic container for analysis of Zn and B. At maturity, data on components of 

seed cotton yield, i.e. number of bolls plant
-1

 and boll weight were recorded from 20 plants 

harvested from two central rows of each experimental plot. The crop was picked manually twice 

at 2 to 3 week interval and production of seed cotton were calculated on an areas basis. Boll 

weight was determined by dividing the seed cotton weight by the number of bolls harvested. 

 

3.2.3.3. Wheat (2006-07) 

After harvesting of cotton crop (2006), the beds were leveled off, ploughed and planked. 

Seed bed preparation, seed rate, sowing, fertilizers rates and their application procedure, 

recommended agronomic and plant protection measures, leaf sampling, harvesting, grain and 

straw yields data were same as explained in section 3.2.3.1. 

 

3.3. Wirehouse experiment 

This experiment was conducted in a wirehouse during 2005 to study B toxicity in cotton 

crop. The day length ranged from 6.75-11.75 hours with day and night temperatures fluctuating 

between 38.8
o
C and 28.7

o
C. The relative humidity ranged from 47.2 to 62.2% during span of the 

experiment. Bulk soil came from Ap horizon of a silt loam (Typic Haplocambids). The soil was 

air-dried, crushed and sieved through a 2 mm sieve. The soil had: ECe 2.1 dS m
-1

; pH 8.1; 

organic matter 0.76%; CaCO3 7.4%; NH4OAc-extractable-K 155 mg kg 
-1

; NaHCO3–DTPA 

extractable P 9.0 mg kg
-1

; HCl–extractable B 0.47 mg kg
-1

. Before sowing of the crop, different 

B levels (0.0 (control), 0.5, 1.0, 2.0, 3.0, 5.0, 10.0, 15.0, 20.0 and 25.0 mg kg
-1

 soil) were applied 

on soil by using boric acid solution (H3BO3, 17.5% B). The B solution was sprayed on air-dried 

and sieved soil and incorporated manually. The earthen pots (33 cm diameter and 36 cm height) 

lined with polyethylene sheet were filled with 20 kg soil. Water holding capacity of the soil was 

33% and soil moisture was brought up to 70% of the field moisture capacity with distilled water. 

A basal dose of N, P, and K at 200, 100, and 70 kg ha
-1

 “urea, triple superphosphate and sulphate 

of potash, respectively” were mixed thoroughly into the soil. The experiment was arranged 

according to completely randomized design with four replications. 
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Ten delinted cotton seeds of cv. CIM-473 were dibbled in each pot. The seedlings were 

thinned out to two per pot at 15 days after planting (DAP). The moisture content was monitored 

and brought up to 70% of field moisture capacity by weighing the pots as frequently as needed. 

The plants were uprooted at 60 DAP and data on plant structure were recorded. The plants were 

divided into roots, shoots and leaves. The plant material was washed with de-ionized water and 

blotted. Plant material was dried in a thermo-ventilated oven at 65 ± 5
o
C for 48 hours and dry 

matter yield was recorded. Oven dried roots, shoots and leaves were ground in a John Wiley mill 

and passed through a 40 mesh screen for analytical purpose. Symptoms of B toxicity were also 

recorded during growth growth period of the crop. 

 

3.4. Analytical methods 

Water, soil and plant samples collected in different experiments were tested according to the 

methods mentiond in table 3.2. 

 

3.5. Internal boron and zinc requirement of cotton crop 

Internal (critical concentration) requirement for cotton crop was determined by plotting 

the graphs between the relative seed cotton yield (95%) vs. B and Zn concentration (%) in the 

corresponding plant tissue by Boundary Line Technique (Webb, 1972).  

 

3.6. External boron and zinc requirement of cotton crop 

External B and Zn requirement of cotton crop was determined by plotting the graph 

between the relative seed cotton yield (95% of maximum) vs. HCl–extractable B and DTPA-

extractable B status after the harvest of the crop by Boundary Line Technique (Webb, 1972). 

 

3.7. Fertilizer requirement of boron and zinc for cotton crop 

The fertilizer requirement of cotton for B and Zn was determined by plotting the graph 

between the relative seed cotton yield (95% of maximum) vs soil applied fertilizer rates by the 

boundary line technique (Webb, 1972). 
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Table 3.2. Analytical methods used for water, soil and plant samples 

Name of test Reference 

Water sample  

Electrical conductivity (EC) Method 4b; U.S. Salinity Lab. Staff (1954) 

Calcium + Magnesium (Ca
2+

 + Mg
2+

) Method 7; U.S. Salinity Lab. Staff (1954) 

Sodium (Na
+
) Method 10a; U.S. Salinity Lab. Staff (1954) 

Carbonate (CO3
2-

) Method 12; U.S. Salinity Lab. Staff (1954) 

Bicarbonate (HCO3
-
) Method 12; U.S. Salinity Lab. Staff (1954) 

Chloride (Cl
-
) Method 13; U.S. Salinity Lab. Staff (1954) 

Sodium adsorption ratio (SAR) Method 20b; U.S. Salinity Lab. Staff (1954) 

Residual sodium carbonate (RSC) Eaton ( 1950) 

Soil sample  

Preparation of saturated soil paste Method 2; U.S. Salinity Lab. Staff (1954) 

pH of saturated soil paste Method 21a; U.S. Salinity Lab. Staff (1954) 

Particle size analysis Winkleman et al. (1986) 

Available phosphorus Watanabe and Olsen (1965) 

Available potassium Method 18a; U.S. Salinity Lab. Staff (1954) 

Soil organic matter Walkley and Black (1934) 

Calcium carbonate (CaCO3) Allison and Moodie et al. (1965) and Page et al. 

(1982) 

HCl - extractable B Ponnamperuma et al. (1981) 

DTPA - extractable Cu, Fe, Mn, and Zn Baker and Amacher (1982) 

Plant sample  

Total nitrogen Ryan et al. (2001); Jackson (1962) 

Phosphorus, Potassium, Ryan et al. (2001) 

Calcium, magnesium, copper, iron, manganese and 

zinc 

Ryan et al. (2001) 

Boron Gaines and Mitchell (1979); Bingham (1982) 

Protein content AOAC (1985) 

Oil content AOAC (1985) 
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3.8. Statistical analysis of data 

Data were analyzed by using “MSTATC” statistical package on a computer (Anonymous, 

1986). The least significant difference (LSD) test at the 0.05 probability level was applied to test 

the significance of the treatment means. Simple correlation coefficients and regression analysis 

for different parameters were also computed according to Montgomery (1997). Microsoft Excel 

package was used for correlation analysis and drawing graphs. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

Field experiments were conducted to establish critical levels of boron (B) and zinc (Zn) 

for soil and plant tissue in cotton. Residual and cumulative effects of B and Zn fertilizers were 

also studied for cotton-wheat cropping system. Moreover, attempts were also made to study the 

toxicity of B for cotton crop. Results obtained are discussed in the ensuing paragraphs.  

 

4.1. Impact of boron fertilizer on cotton 

4.1.1. Biomass production 

Boron treatments significantly (P≤0.05) affected dry matter yield (DMY) for both 

experimental years (Fig. 4.1). At given levels of B, the DMY was more during 2005 compared 

with 2004. Dry matter yield increased significantly with B up to 2.0 kg ha
-1

 for both 

experimental years. Thereafter, there was a non-significant increase in DMY with B levels for 

both years. Across B treatments, there was 3.9, 11.5, 13.9, 15.2 and 16.3% increase in DMY for 

2004 whereas 1.0, 8.4, 10.6, 10.6 and 10.3% increase in DMY for 2005, compared with control 

treatment. 

 

4.1.2. Reproductive - vegetative ratio 

Boron treatments negatively impacted the vegetative dry weight (VDW) during both 

experimental years (Table 4.1). Decrease in VDW was more with increasing rates of B fertilizer. 

For instance, reduction in VDW was 9.2, 10.8, 13.5, 13.8 and 12.9% with 1.0, 1.5, 2.0, 2.5 and 

3.0 kg B ha
-1

 compared with control during 2004. Similarly, reduction in VDW was 6.5, 13.4, 

16.6, 18.8 and 19.6% with 1.0, 1.5, 2.0, 2.5 and 3.0 kg B ha
-1

 compared with un-treated plants 

during 2005. 
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Figure 4.1. Effect of soil applied boron on dry matter production. Verticle bars denote standard 

error. 
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There was a positive and significant effect of B fertilizer on reproductive dry weight 

(RDW) for both years (Table 4.1). The increase in RDW was 16.8, 33.3, 40.8, 43.5 and 44.7% 

with 1.0, 1.5, 2.0, 2.5 and 3.0 kg B ha
-1

 compared with un-treated plants during 2004. Similarly, 

RDW was 14.9, 28.4, 35.6, 37.3 and 38.1% with 1.0, 1.5, 2.0, 2.5 and 3.0 kg B ha
-1

 compared 

with control treatment during 2005. Averaged across treatments, there was 5.2% more RDW for 

2005 than 2004 cropping season. Boron fertilizer significantly (P≤0.05) impacted reproductive 

vegetative ratio (RVR) (Table 4.1). Reproductive vegetative ratio increased with B fertilizer 

from 1.0 to 2.0 kg ha
-1

; thereafter the increase was non significant with further increase in B 

levels (i.e. from 2.5 to 3.0 kg ha
-1

). For example, maximum increase in RVR was 65.0 % in 2004 

and 72.8% in 2005 with 3.0 kg B ha
-1

 for both experimental years compared with control.  

 

The increase in dry matter production occurred because soil applied B triggered some of 

the fundamental processes such as cell elongation and division and also nucleic acid metabolism 

(Shelp, 1993; Ruiz et al., 1998). Lopez- Lefebre et al. (2002) reported that application of B along 

with NPK fertilizers increased dry matter yield of tobacco (Nicotiana tabacum L.). Qiong et al. 

(2002) reported that B fertilizer significantly enhanced photosynthetic intensity of leaves, which 

consequently resulted in more accumulation of dry matter in peanut (Arachis hypogia L.). 

Significant increases in dry matter production with B application have also been reported in 

cotton (Gossypium hirsutum L.) [Malik et al., 1992; Rosolem and Costa, 2000; Zhao and 

Oosterhuis, 2003; Fontes et al., 2008]. 

 

There were significant changes in dry matter partitioning among vegetative and 

reproductive plant parts with B fertilizer. The external application of B treatments increased 

higher dry matter yield distribution from vegetative to reproductive phases compared with 

control plot. Boron at 3.0 kg B ha
-1

 caused 69.0% increase in reproductive-vegetative ratio over 

control (Table 4.1). Thus, this increase in higher allocation from vegetative to reproductive 

phases resulted due to increased allocation of assimilates from source to sink. Increase in 

reproductive dry weight coupled with decrease in vegetative dry weight caused increase in RVR. 

The low reproductive dry weight with concurrent increase in vegetative dry weight caused 

reduction in RVR under B un-fertilized treatment.  
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Table 4.1. Effect of boron fertilizer on reproductive-vegetative ratio at maturity  

 

Treatments 

B (kg ha
-1

) 

Cropping season 

2004 2005 

(a) Vegetative dry weight (g m
-2

) 

0.0 325.00 a 336.00 a 

1.0 295.00 b 314.00 b 

1.5 290.00 b 291.00c 

2.0 281.00 b 280.00 cd 

2.5 280.00 b 273.00 d 

3.0 283.00 b 270.00 d 

Mean 292.33 294.00 

LSD (P≤0.05) 22.50 13.30 

(b) Reproductive dry weight (g m
-2

) 

0.0 333.00 d 362.00 d 

1.0 389.00 c 416.00 c 

1.5 444.00b 465.00 b 

2.0 469.00 a 491.00 a 

2.5 478.00 a 497.00 a 

3.0 482.00 a 500.00a 

Mean 432.50 455.17 

LSD (P≤0.05) 21.50 18.20 

(c) Reproductive-vegetative ratio (RVR) 

0.0 1.03 d 1.07 d 

1.0 1.32 c 1.32 c 

1.5 1.53 b 1.60 b 

2.0 1. 67 ab 1.75 a 

2.5 1.70 a 1.82 a 

3.0 1.70 a 1.85 a 

Mean 1.46 1.57 

LSD (P≤0.05) 0.11 0.11 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05. 
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The reduced RVR was also related to the termination of reproductive development with 

no opportunity for further boll initiation under restricted supply of B from native soil resources. 

These results are in accord with those of Zhao and Oosterhuis (2002) and Rashid et al. (2002) in 

cotton, who reported that B stimulated formation of photosynthates and better supply of 

assimilates to the fruits. Moreover, increase in RVR was due to high assimilation of N, P, K and 

B in the leaf tissues through sustained supply of B content in soil-plant continuum throughout the 

growing season.  

 

4.1.3. Plant structure 

Data for plant structure with respect to main stem height, number of nodes on main stem 

and internodal length differed significantly (P≤0.05) with B treatments (Table 4.2). However, 

there were little differences in these morphological characteristics for both experimental years. 

Boron rates significantly increased main stem height compared with un-treated plant for both 

experimental years. Maximum main stem height was 22.5% with 3.0 kg B ha
-1

 over control, 

which was statistically at par with 2.0 and 2.5 kg B ha
-1

 for 2004. Likewise, there was 18.3% 

increase in main stem height with 3.0 kg B ha
-1

 over control, which was statistically similar with 

1.5, 2.0 and 2.5 kg B ha
-1

 for 2005. Overall, increase in main stem height with B fertilizer was 

more for 2005 compared 2004 years. Increased number of main stem nodes as well as increased 

inter-nodal length was observed with B fertilization (Table 4.2). Maximum increase in number of 

nodes on main stem was 9.7% compared with control treatment with 3.0 kg B ha
-1

 for 2004, 

which was statistically at par with 1.5 to 2.5 kg B ha
-1

. Although, number of nodes on main stem 

did not significantly differ among B rates, the trend was similar and there was more (9.7% for 

2.0, 2.5 and 3.0 kg B ha
-1

) number of nodes on main stem over un-treated plants during 2005.  

  

Boron rates positively impacted inter-nodal length for both experimental years. There 

was a gradual increase in inter-nodal length with increasing levels of B for 2004. Maximum 

inter-nodal length was 10.3% with 3.0 kg B ha
-1

 over control, which was statistically at par with 

2.0 and 2.5 kg B ha
-1

 for the crop of 2004. In contrast, increase in inter-nodal length was only up 

to 2.5 kg B ha
-1

; thereafter it decreased with further increase in B level for the crop of 2005. 

There was very little difference in inter-nodal length with B fertilization for both years. 
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Table 4.2. Effect of boron fertilizer on plant structure at maturity 

Treatments 

B (kg ha
-1

) 

Cropping season 

2004 2005 

(a) Main stem height (cm) 

0.0 89.30 d 94.10 d 

1.0 97.40 c 99.00 cd 

1.5 101.90 bc 104.0 bc 

2.0 105.50 ab 107.30 ab 

2.5 108.30 a 110.00 ab 

3.0 109.40 a 111.30 ab 

Mean 101.97 104.28 

LSD (P≤0.05) 4.94 7.14 

(b) Number of nodes on main stem 

0.0 31.00 c 31.00 c 

1.0 32.00 bc 32.00 bc 

1.5 33.00 ab 33.00 abc 

2.0 33.00 ab 34.00 ab 

2.5 34.00 a 34.00 a 

3.0 34.00 a 34.00 a 

Mean 33.0 33.0 

LSD (P≤0.05) 1.77 1.96 

(c) Inter-nodal length (cm) 

0.0 2.92 c 3.01 d 

1.0 3.06 b 3.10 c 

1.5 3.11 b 3.15 bc 

2.0 3.17 a 3.18 abc 

2.5 3.19 a 3.24 a 

3.0 3.22 a 3.21 ab 

Mean 3.11 3.15 

LSD (P≤0.05) 0.09 0.09 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05. 
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Increase in growth parameters such as plant height, number of nodes, and inter nodal 

length could be attributed to the involvement of B in cell division, cell elongation, and auxin 

metabolism (Blevins and Lukaszewski, 1998). Boron deficiency caused inhibition of both root 

and shoot meristem (Loomis and Durst, 1992). The inhibition of meristematic growth may also 

be due to decreased cell division, cell elongation or both of these processes (Kouchi and 

Kumazawa, 1976). According to Loomis and Durst (1991), B develops borate-ester cross links 

with pectin in cell wall. They further explained that breaking and reorganization of these borate-

ester bonds may control the expansion of the cell wall.  

 

El-Gharably and Bussler (1985) reported significant reduction in plant height in B 

deficient medium. Plant height and internodal growth in cotton was severely restricted under B 

deficient conditions (Ohki, 1973). Honisch (1975) reported an increase of 5.9% in main stem 

height and 6.0% in number of nodes with 2.2 kg B ha
-1

 compared with control. In another field 

trial, Zhao and Oosterhuis (2003) also reported 27.0 % increase in plant hight and 4.0% increase 

in number of main stem nodes over control plot, with B fertilizer. Furthermore, (Dordas, 2006a) 

also recorded an increase in plant height up to 9.5, 7.0 and 10.0% over control with foliar 

application of 400, 800 and 1200 mg B L
-1

.  

 

4.1.4. Fruit production 

Boron treatments significantly (P≤0.05) affected the fruit production per unit area (Table 

4.3) for both experimental years. Total number of fruiting positions and total number of intact 

fruits m
-2

 were lower for crop of 2004 compared with 2005. Total number of fruiting positions 

increased up to 6.4% with 2.0 kg B ha
-1

 compared with control; thereafter number of fruiting 

position decreased with further increase in B rates. Similar was the case for number of fruiting 

position for experimental year 2005. Total number of intact fruit per unit field area was also 

affected accordingly. On an average, total number of intact fruit per unit area increased by 1.4% 

with B rates for 2005 compared with crop of 2004. There was a significant effect of B fertilizer 

on fruit shedding over control treatment for both years. For instance, a significant reduction in 

fruit shedding was observed with B fertilization. At given levels of B fertilizer, fruit shedding 

was less for 2005 than for 2004 crop. On an average, fruit shedding was around 66% with 2.0 kg 

B ha
-1

 and 73% without B fertilization.  
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Boron deficiency affects floral and fruiting parts more than vegetative parts (Dear and 

Lipsett, 1987; Dell and Huang 1997; Dell et al., 2002). Boron has a direct influence on flower 

development, pollen germination, pollen tube growth, fertilization and seed development, and 

fruit shedding (Brown et al., 2002). Earlier reports (Gauch and Duggar, 1954; Harris and John, 

1966) showed complete failure of flowering in plants on B deficient soil. Restricted B mobility 

in cotton plants had resulted in shedding of reproductive organs (Anderson and Ohki, 1972). 

Rosolem and Costa (2000) reported no fruit setting in cotton after 30 days on B untreated soil. In 

wheat, Cheng and Rerkasem (1993) reported that B deficiency caused poor anther and pollen 

development and less grain setting. Rosolem and Bastos (1997) reported that flower buds in B 

deficient cotton plants became necrotic and shed prematurely. Boron is involved in pollen 

germination and pollen tube growth for successful fruit setting (Johri and Vasil, 1961; Mozafar, 

1993). Garg et al. (1979) reported B fertilizer was responsible for better availability of sugars, 

improved enzymatic activity and respiration, which favored better growth of pollen.  

 

Boron significantly impacted flowering and boll bearing capacity of cotton plant. Eaton 

(1955) reported enhanced fruiting with B nutrition for cotton. Miley et al. (1969) recorded 

reduced boll retention and resultantly lower yield owing to B deficiency during flowering and 

fruiting. Poor fruit retention on B deficient soil was also observed by Murphy and Lancaster 

(1971) and Ohki (1973). In a growth chamber study, Zhao and Oosterhuis (2003) reported that 

removal of B from nutrient solution significantly affected vegetative and reproductive growth 

stages. They further reported that not only fruit dry weight was suppressed, but also more fruit 

shedding and lesser fruiting sites. The plants under B deficient soil maintained 40% lesser 

fruiting positions than “+B plants”; and 77% fruit shedding occurred in “–B plants” and ultimate 

result was the lower yield. Zhao and Oosterhuis (2002) found lower concentration of non-

structural carbohydrates (glucose, fructose, sucrose and starch) in floral buds of “–B plants” 

compared with “+B plants”; whereas in leaves it was the reverse. They concluded that B 

deficiency suppressed the translocation of photosynthates from source to sink and consequently 

this led to abscission of squares and bolls. Rerkasem et al. (1997) reported less number of seed 

per pod and seed abortion in wheat under B deficiency.  
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Table 4.3. Effect of boron fertilizer on fruit production 

Treatments  

B (kg ha
-1

) 

Cropping season 

2004 2005 

(a) Total number of fruiting positions m
-2

 

0.0 361.00 c 367.00 d 

1.0 372.0 abc 373.00 cd 

1.5 380.00 ab 386.00 ab 

2.0 384.00 a 390.00 a 

2.5 376.00 ab 381.00 abc 

3.0 368.00 bc 375.00 bcd 

Mean 373.50 378.67 

LSD (P≤0.05) 12.36 12.62 

(b) Total number of intact fruit m
-2

 

0.0 97.00 c 102.00 c 

1.0 104.00 c 107.00 c 

1.5 123.00 b 125.00 b 

2.0 127.00 a 134.00 a 

2.5 120.00 b 125.00 b 

3.0 114.00 b 124.00 b 

Mean 114.17 119.50 

LSD (P≤0.05) 5.97 5.59 

(c) Fruit shedding (%) 

0.0 73.10 a 72.30 a 

1.0 72.00 a 71.30 ab 

1.5 67.50 b 67.0 c 

2.0 67.0 b 65.80 c 

2.5 68.00 b 67.00 c 

3.0 69.0 b 68.00 bc 

Mean 69.43 68.57 

LSD (P≤0.05) 2.90 3.26 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05. 
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Use of B reduced wheat sterility to a great extent (Rerkasam et al., 1997). Malik et al. 

(1992) reported lower fruit shedding (2.4%) in cotton with B application. Dordas (2006a) 

reported an increase in boll retention up to 28.0% at 1200 mg B L
-1

 compared with control. 

Under field conditions, Page and Bargeaux (1961) also reported higher fruit shedding for cotton 

due to B deficiency. Schon and Blevins (1987) reported that application of B through stem 

infusion technique markedly affected number of pods on branches, which in turn increased yield 

of soybean. This suggests that B has a direct effect on fertilization and especially on boll 

formation in cotton. One of the major problems in cotton seed production is boll abscission 

(Silvertooth et al., 1999; Crozat et al., 1999). They further reported that boll abscission was due 

to assimilate distribution, which is affected by nutrient deficiencies. 

 

Data reported herein indicate that use of soil B at 2.0 kg ha
-1

 significantly increased total 

number of fruits and intact fruit per unit land area, which in turn reduced fruit shedding 

percentage. The reduction in fruit shedding percentage might be due to more translocation of 

assimilates from source to sink. These results are in accord with those of Zhao and Oosterhuis 

(2002) and Dordas (2006a), who also indicated that translocation of photosynthates from source 

to sink significantly decreased fruit shedding percentage. Increase in number of fruiting positions 

and their higher retention percentage significantly increased seed cotton yield with B treatments 

compared with control plot.  

 

4.1.5. Gas exchange characteristics 

Data for gas exchange characteristics such as photosynthetic rate (PN), transpiration rate 

(E), water-use-efficiency (PN/E), stomatal conductance (gs) and intercellular CO2 concentration 

(Ci) differed significantly (P≤0.05) with B fertilization for both experimental years (Table 4.4). 

There was an increase in PN with increasing rates of B fertilizer for both experimental years. For 

instance, PN was 10.8, 17.3, 20.8, 20.8 and 24.5% higher with 1.0, 1.5, 2.0, 2.5 and 3.0 kg B ha-
1
 

compared with the control plot for experimental year 2004. However, increase in PN was 

statistically at par with 2.0, 2.5 and 3.0 kg B ha
-1

. Comparatively higher PN was recorded for crop 

of 2005 at given levels of B. Maximum increase in PN was 27.4% (18.6 µmole m
2 

s
-1

) with 3.0 

kg B ha
-1

 compared with un-fertilized B plot for experimental year 2005, which was statistically 
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similar with 2.0 and 2.5 kg B ha
-1

. Overall, PN increased by 8.8% with B fertilization for 2005 

than that of 2004 crop.  

 

Loss of water per unit area per unit time expressed as transpiration rate (E) was 

significantly increased up to 13.3% with 3.0 kg B ha
-1

 compared with control for experimental 

year 2004. Similarly, E increase up to 17.6% with the same level of B for 2005 crop. Although, 

there was increase in E at all B rates over control plot, but increase in E was statistically similar 

with B at 2.0, 2.5 and 3.0 kg ha
-1

 for both cropping seasons. Overall, increase in E was 8.9% 

more for 2005 than 2004 crop with B fertilization. Water use efficiency (WUE = PN/E) was 

improved significantly (P≤0.05) with increase in B supply (Table 4.6). The WUE was increased 

up to 11.5% in 2004 and 8.2% in 2005 with 3.0 kg B ha
-1

 when compared with control treatment. 

However, increase in WUE was statistically similar from 2.0 to 3.0 kg B ha
-1

 for both years. On 

an average, there was little difference in WUE with B fertilization for both years.  

 

Data reported herein indicate that gs increased with concurrent increase in B fertilization. 

Stomatal conductance increased by 9.6, 16.1, 20.8, 26.5 and 27.9% with 1.0, 1.5, 2.0, 2.5 and 3.0 

kg B ha
-1

 over un-treated plot during cropping season of 2004. Similar was the case for gs with B 

rates for the experimental year 2005. Across treatments, more gs was recorded for crop of 2005 

than that crop of 2004. There was a significant reduction in intercellular CO2 concentration with 

B treatments. Maximum decrease in Ci was 18.7% with 3.0 kg B ha
-1

 over control plot, which 

was statistically similar with 2.5 kg B ha
-1

 for 2004 crop.  

 

Although, Ci did not significantly differ among B treatments (from 1.5 to 3.0 kg B ha
-1

), 

the trend was similar and there was more decrease in Ci with increasing levels of B for 2005 

crop. These results are in accord with those of Kastori et al. (1995), Zhao and Oosterhuis (2002 

and 2003) and Han et al. (2008), who reported that photosynthetic capacity, decreased under B 

deficient soil conditions. Stomatal conductance also decreased for B deficiency in mustard 

(Brassica spp.) and kiwifruit (Actinidia spp.) leaves (Sharma and Ramchandra, 1990; 

Sotiropoulos et al., 2002). They reported that leaves developed under B deficient conditions had 

smaller stomatal apertures than those for sufficient B conditions. Sotiropoulos et al. (2002) 

reported reduced PN rate in kiwifruit leaves under B deficient condition. 
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Table 4.4. Effect of boron fertilizer on net photosynthetic rate (PN), transpiration rate (E), water use 

efficiency (WUE=PN/E), stomatal conductance (gs) and intercellular CO2 (Ci)  

Treatments 

B (kg ha
-1

) 

            Cropping season 

2004 2005 

(a) Photosynthetic rate (PN) µmol (CO2) m
-2

 s
-1

 

0.0 13.90 d 14.60 d 

1.0 15.40 c 17.10 c 

1.5 16.30 b 17.80 b 

2.0 16.80 ab 18.40 a 

2.5 16.80 ab 18.50 a 

3.0 17.30 a 18.60 a 

Mean 16.08 17.50 

LSD (P≤0.05) 0.83 0.59 

(b) Transpiration rate (E) mmol (H2O) m
-2

 s
-1

 

0.0 3.32 d 3.44 c 

1.0 3.49 c 3.83 b 

1.5 3.59 bc 3.93 ab 

2.0 3.65 ab 4.05 a 

2.5 3.65 ab 4.02 a 

3.0 3.74 a 4.05 a 

Mean 3.57 3.89 

LSD (P≤0.05) 0.13 0.15 

(c) Water use efficiency (WUE) µmol (CO2) mmol
-1 

(H2O) 

0.0 4.16 d 4.25 c 

1.0 4.42 c 4.47 b 

1.5 4.54 bc 4.53 ab 

2.0 4.60 a 4.54 ab 

2.5 4.61 a 4.60 a 

3.0 4.64 a 4.60 a 

Mean 4.50 4.50 

LSD (P≤0.05) 0.10 0.14 

(d) Stomatal conductance (gs) mmol (CO2) m
-2

 s
-1

 

0.0 270.00 d 273.70 e 

1.0 296.00 c 298.00 d 

1.5 313.50 b 319.50 c 

2.0 326.20 b 335.00 b 

2.5 341.75 a 341.8 ab 

3.0 345.50 a 348.50 a 

Mean 315.49 319.42 

LSD (P≤0.05) 13.70 13.80 

(e) Intercellular CO2 (Ci) mmol m
-2

 s
-1

 

0.0 330.00 a 345.00 a 

1.0 317.00 a 331.00 ab 

1.5 291.50 b 310.00 bc 

2.0 285.00 b 292.25 cd 

2.5 270.80 c 279.50 d 

3.0 268.00 c 277.25 d 

Mean 293.72 305.83 

LSD (P≤0.05) 15.81 21.82 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05. 
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Plesnicar et al. (1997) reported that sunflower grown in B deficient conditions maintained 

lower PN with reduced chlorophyll content, photosynthetic transport rate and photo 

phosphorylation. Zhao and Oosterhuis (2002) reported that PN, gs and E were not correlated with 

B concentration in leaf tissues of cotton (> 20 mg kg
-1

 in the leaf tissues). However, a little 

variation was found in Ci at B concentration of < 20 mg ha
-1

. In a later study, Zhao and 

Oosterhuis (2003) reported that PN, gs and E decreased by 43, 80 and 62%, respectively in B 

deficient cotton plants. Han et al. (2008) reported that sufficient availability of B in the rooting 

medium resulted in enhancement of stomatal conductance and reduction in Ci in cotton leaves. 

Kastori et al. (1995) and Goldbach et al. (1991) reported that deficiency of B retarded 

photosynthetic capacity and more accumulation of sugars and starch in leaves. This 

physiological disorder reduced translocation of photo-assimilates from source (leaves) to sink 

(fruiting bodies) (Marschner, 1995; Dell and Huang, 1997).  

 

4.1.6. Chlorophyll content 

Although chlorophyll content (SPAD) did not significantly differ among B treatments for 

both experimental years (Table 4.5), the trend was similar and there was more chlorophyll 

content with increasing levels of B fertilizer. The increase in chlorophyll content was more per 

unit B increment for 2005 compared with the crop of 2004. Maximum chlorophyll content was 

49.1 and 45.4 with 3.0 kg B ha
-1

 for 2005 compared with experimental year 2004. Shelp (1993) 

reported that B has no direct role in photosynthesis. However, B deficiency caused changes in 

translocation of CO2 photosynthates into primary and secondary metabolites. In another report, 

Moutharidou et al. (2004) observed that SPAD unit in leaves of apples decreased with increasing 

levels of B in solution culture. Similarly, Zhao and Oosterhius (2003) reported more chlorophyll 

contents in B deficient cotton plants. Moreover, they also reported higher photosynthetic 

efficiency for cotton plants on B deficient soil. These results are in agreement with those of 

Dordas (2006a), who reported no significant increase in SPAD values of chlorophyll with B 

levels. 
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Table 4.5. Effect of boron fertilizer on chlorophyll content (SPAD) at flowering stage  
 

Treatments 

B (kg ha
-1

) 

Cropping season 

2004 2005 

 

0.0    43.30 NS    47.00 NS 

1.0 44.00 47.50 

1.5 44.80 47.70 

2.0 45.10 47.90 

2.5 45.10 48.60 

3.0 45.40 49.10 

Mean 44.62 47.97 

LSD(P≤0.05) 2.32 2.65 

              NS: Non-significant. 
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4.1.7. Electrolyte leakage 

Boron treatments significantly (P≤0.05) affected electrolyte leakage (EL) for both 

experimental years (Table 4.6). Electrolyte leakage decreased with an increase in B fertilization 

up to 3.0 kg ha
-1

 for 2004 and 2005 years. Data reported in Table 4.6 indicate that decrease in EL 

was 14.7, 20.5, 26.4, 32.3 and 32.3% with 1.0, 1.5, 2.0, 2.5 and 3.0 kg B ha
-1

 over control 

treatment during 2004. For experimental year 2005, reduction in EL was 17.1, 25.7, 31.4, 31.4 

and 37.1% with 1.0, 1.5, 2.0, 2.5 and 3.0 kg B ha
-1

 over control treatment. Results suggest that 

application of B fertilizer significantly improved membrane permeability. Loomis and Durst 

(1991) reported more accumulation of phenolic compounds in B deficient tissues due to enhanced 

synthesis and reduced utilization of phenols in cell wall synthesis. 

  

Oxidation of phenols engenders reactive quinones and free radicals of oxygen. These free 

radicals are highly toxic to various cellular compounds such as membrane proteins and lipids, which 

cause disorganization of membrane structure and more membrane leakiness (Van Ginkel and 

Sevanian, 1994; Cakmak and Romheld, 1997). In an earlier study, Glass and Dunlop (1974) reported 

that phenolics treated barley roots enhanced K efflux and B supply terminated solute leakage by 

forming stable phenol-borate complexes. While the structural and functional integrity of cellular 

membranes of higher plants is significantly influenced by the nutritional status of plants (Cakmak et al., 

1995; Liu and Yang, 2000). Tanda (1983) found more cellular B in protoplast membrane. 

 In sunflower roots and leaflets of Elodea densa, Blaser-Grill et al. (1989) found a 

conspicuous depolarization of cell membranes and hindrances in net H
+
-secretion after transferring 

sunflower roots from B sufficient to B deficient solution. Likewise, Schon et al. (1990) reported a 

hyper-polarization of plasma membranes within 3 minutes when the sunflower roots were shifted to B 

sufficient medium from B deficient medium. This might be due to a stimulatory effect of B on K
+
 

uptake or proton pumping. Ferrol et al. (1993) reported that B is essential for plasma membrane 

integrity and H
+
 pumping activity in vitro with membrane vesicles detached from sunflower roots. 

Cakmak et al. (1995) reported that K
+
 leakage from sunflower leaves increased under severe B 

deficiency and decreased leakage from B sufficient leaves. These findings show a special role of 

B in maintaining the integrity of plasma membranes.  
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Table 4.6. Effect of boron fertilizer on electrolyte leakage (%) at flowering stage  

 

Treatments 

B (kg ha
-1

) 

Cropping season 

2004 2005 

0.0 34.00 a 35.00 a 

1.0 29.00 b 29.00 b 

1.5 27.00 c 26.00 c 

2.0 25.00 d 24.00 d 

2.5 23.00 e 24.00 d 

3.0 23.00 e 22.00 e 

Mean 26.83 26.67 

LSD (P≤0.05) 1.52 1.15 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05. 
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Boron most likely stabilizes the structure of plasma membrane by complexing membrane 

constituents. Boron also protects membrane constituents by complexing phenolics and oxidation 

of phenolics to highly toxic quinones and oxygen free radicals is averted or restricted. Hence, 

greater membrane leakage for B deficient conditions might also influence cotton leaf 

physiological processes and plant growth. Data reported in Table (4.6) indicate that soil applied 

B significantly improved the integrity of the membrane. The maintenance of cell membrane 

integrity resulted in higher retention of fruits, which ultimately increased cotton yield.  

 

4.1.8. Protein content 

Boron treatments significantly (P≤0.05) improved protein contents in cotton seed (Table 

4.7). Protein content increased by 1.3, 1.7, 2.0, 2.0 and 2.2% with 1.0, 1.5, 2.0, 2.5 and 3.0 kg B 

ha
-1

 over un-treated plot during 2004. However, this increase in protein content was statistically 

at par with 1.5 to 2.5 kg B ha
-1

 for 2004. For experimental year 2005, increase in protein content 

was 2.9, 4.2, 4.6, 4.9 and 5.2% with 1.0, 1.5, 2.0, 2.5 and 3.0 kg B ha
-1

 over un-treated plot. 

Results reported herein indicate that at given B levels, increase in protein content of cotton seed 

was more for experimental years 2005 compared with 2004.  

 

4.1.9. Oil content 

There was an increase in oil content with B fertilizer up to 2.5 kg ha
-1

; thereafter it 

decreased with further increase in B fertilizer for experimental year 2004 (Table 4.8). The oil 

content of cotton seed with B at 3.0 kg ha
-1

 was statisitically at par with B at 1.0 to 2.5 kg ha
-1

. 

Maximum increase in oil content was 2.5% with 2.0 and 2.5 kg ha
-1

 compared with control plot 

for experimental year 2004. Similar was the case for experimental year 2005 where maximum 

increase in oil content was with 2.5 kg ha
-1

 compared with control. However, increase in oil 

content was statistically similar with B at 1.0 to 3.0 kg ha
-1

.
 
 

  

4.1.10. Fatty acid composition 

Data reported in Table 4.9 show that B treatments did not significantly (P≤0.05) affect 

unsaturated fatty acids (linoleic and oleic) for both experimental years. Similarly, B treatments 

also did not significantly affect the saturated fatty acids (palmitic, stearic and myristic).  
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Table 4.7. Effect of boron fertilizer on protein content in cottonseed (%) at maturity  

Treatments 

B (kg ha
-1

) 

Cropping season 

2004 2005 

0.0 19.63 c 19.25 d 

1.0 19.88 b 19.81 c 

1.5 19.97 ab 20.05 b 

2.0 20.02 ab 20.13 ab 

2.5 20.03 a 20.19 a 

3.0 20.05 a 20.25 a 

Mean 19.93 19.95 

LSD (P<0.05) 0.15 0.13 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05. 

 

 

Table 4.8. Effect of boron fertilizer on oil content (%) in cottonseed at maturity 

Treatments 

B (kg ha
-1

) 

Cropping season 

2004 2005 

0.0 19.80 b 20.10 b 

1.0 20.10 a 20.20 ab 

1.5 20.20 a 20.20 ab 

2.0 20.30 a 20.30 ab 

2.5 20.30 a 20.40 ab 

3.0 20.10 a 20.20 ab 

Mean 20.13 20.23 

LSD (P≤0.05) 0.23 0.27 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05. 
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Table 4.9. Effect of boron fertilizer on fatty acids (%) in cotton seed oil 

Treatments 

B (kg ha
-1

) 

Cropping season 

2004 2005 

(a). Linoleic acids 

0.0 51.80 NS  51.90 NS 

1.0 51.80 52.20 

1.5 51.80 52.10 

2.0 52.00 51.90 

2.5 52.00 52.00 

3.0 52.00 51.90 

Mean 51.90 52.00 

LSD (P≤0.05) 0.3 0.4 

(b) Oleic acid 

0.0 18.9 NS 18.80 NS  

1.0 19.1 18.90 

1.5 19.0 18.80 

2.0 19.0 19.00 

2.5 19.0 19.00 

3.0 19.0 19.00 

Mean 19.0 18.92 

LSD (P≤0.05) 0.26 0.21 

(c) Palmitic acid 

0.0 21.13 NS  21.38 NS 

1.0 21.20 21.43 

1.5 21.20 21.40 

2.0 21. 00 21.40 

2.5 21. 00 21.30 

3.0 21. 00 21.28 

Mean 21.18 21.37 

LSD (P≤0.05) 0.6 0.4 

(d) Stearic acid 

0.0 2.22 NS 2.20 NS 

1.0 2.21 2.18 

1.5 2.20 2.18 

2.0 2.21 2.18 

2.5 2.18 2.18 

3.0 2.20 2.20 

Mean 2.20 2.19 

LSD (P≤0.05) 0.04 0.03 

(e) Myristic acid 

0.0 0.61 NS 0.60 NS 

1.0 0.62 0.62 

1.5 0.63 0.61 

2.0 0.63 0.62 

2.5 0.63 0.62 

3.0 0.63 0.62 

Mean 0.63 0.62 

LSD (P≤0.05) 0.03  0.02 

NS: Non -significant. 
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These results are similar with those of Coleman (1945) and Anderson and Worthington 

(1971), who reported that B fertilizer did not affect the saturated and un-saturated fatty acids for 

cotton seed. However, Nadia et al. (2006) reported 6.9 and 14.9% increase in oil and protein 

contents for ground nut with foliar B application over control treatment. Ceyhan et al. (2008) 

reported 6.4% reduction in oil contents with B application. Several physiological impairments 

such as sugar transport, cell wall synthesis and cell wall structure, respiration, carbohydrate 

metabolism, RNA metabolism, indole acetic acid (IAA) metabolism, phenol metabolism and 

membrane integrity as a result of B deficiency were also reported by Parr and Loughman (1983) 

and Cakmak and Romheld (1997). 

 

4.1.11. Seed cotton yield and its components 

There was a significant (P≤0.05) effect of B treatments on seed cotton yield for both 

experimental years (Table 4.10). Averaged across all treatments, crop of 2005 had 5.8% 

(2698.25 kg ha
-1

) higher seed cotton yield compared with crop of 2004 (2549.30 kg ha
-1

). 

Maximum increase in seed cotton, with 2.0 kg B ha
-1

, was 16.6% during 2004 and 12.4% duing 

2005. Seed cotton yield declined beyond 2.0 kg B ha
-1

, but still remained significantly higher 

over control during experimental years. For instance, seed cotton yield was 15.6 and 14.6% 

higher with 2.5 and 3.0 3.0 kg B ha
-1

 in 2004 and 11.8 and 11.2% higher, with 2.5 and 3.0 kg B 

ha
-1

 in 2005 as compared with control plot. It is now well known that cotton plant has an 

indeterminate growth habit. Thus, in addition to fertilizer, its yield potential is also markedly 

affected by biotic and a-biotic stresses. There was more seed cotton yield for experimental years 

2005 than 2004 with B treatments. Weather conditions were favorable (Appendix1-2) for 2005 

crops. Accordingly, there was also less pest and insect attack. Thus, more seed cotton yield was 

observed during 2005 than 2004 crops. Application of B fertilizer caused an increase in elevating 

the concentration of B in leaf tissues. Maintenance of higher concentration of B content helped in 

transport of assimilates from source (leaves) to sink (reproductive parts). Accumulation of high 

assimilates in fruiting bodies enhanced retention of higher bolls and filling in the ovules in seed. 

There are number of evidences in literature that B plays very crucial role in carbohydrate 

metabolism and translocation, which ultimately increased yield potential. Howard et al. (1998) 

also reported that seed cotton yield could be enhanced by more than 6.0% over control treatment 

with soil applied B fertilizer. Data reported herein are in accord with those of Malik et al. (1992), 
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Soomro et al. (2000), Rashid and Rafique (2002) and Abid et al. (2007), who reported that seed 

cotton yield increased with soil applied B fertilizer. For example, Malik et al. (1992) reported an 

increase in seed cotton yield up to 2.6% with 2.0 kg B ha
-1

 on silt loam soil. In China, Shi and 

Yu (1987) reported 15.0% increase in seed cotton yield with soil having 0.25 mg B kg
-1

 level and 

6.0% at soil B level of 0.37 mg kg
-1

. On an average, Soomro et al. (2000) recorded 20.0% 

increase in seed cotton yield over control plot. For soil having hot water extractable B of 0.46 mg 

kg
-1

, Rashid and Rafique (2002) reported 1.0 kg B ha
-1

 requirement with near–maximum (95% of 

the maximum seed cotton yield). Thus, it could be concluded from ongoing discussion that 

increases in yield is mainly attributed to better seed setting and enhanced boll weight with higher 

concentration of B in plant system. In contrast, Heitholt (1994) and Zhao and Oosterhuis (2003) 

did not report positive effects of B fertilizer on seed cotton yield. 

 

Boron treatments significantly (P≤0.05) affected boll bearing. Maximum number of bolls 

plant
-1

 was observed with 2.0 kg B ha
-1

 during both years (Table 4.10). There was 19.0% more 

number of bolls plant
-1

 with 2.0 kg B ha
-1

 during 2004 compared with control. Similarly, 17.4% 

more bolls per plant were obtained with 2.0 kg B ha
-1

 compared with boll bearing of untreated 

plants during experimental years 2005. Averaged across B treatments, 7.7% more number of 

bolls plant
-1

 was observed for crop of 2005 than that crop of 2004. Number of bolls plant
-1

 

started decreasing beyond 2.0 kg B ha
-1

, but still was significantly higher than that of control 

treatment for both experimental years. In B fertilized plots, boll weight also increased 

significantly (P≤0.05): 10.7% during 2004 and 9.6% during 2005 with 2.0 kg B ha
-1

 compared 

with control treatments (Table 4.10). Likewise, number of bolls plant
-1

 and boll weight was also 

increased up to 2.0 kg B ha
-1

, thereafter it started declining for both years. No doubt, there was 

decrease in boll weight (8.9 and 9.2% during 2004; 9.0 and 7.5% during 2005) with higher B 

rates (i.e. 2.5 and 3.0 kg B ha
-1

), but still it was higher than that for control treatments.  
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Table 4.10. Effect of boron fertilizer on seed cotton yield and its components 

 

Treatments 

B (kg ha
-1

) 

Cropping season 

2004 2005 

(a) Seed cotton yield (kg ha
-1

) 

0.0 2301.00 d 2492.00 c 

1.0 2473.00 c 2641.00 b 

1.5 2543.0 bc 2699.00 ab 

2.0 2682.00 a 2800.00 a 

2.5 2660.00 ab 2787.00 a 

3.0 2637.00 ab 2770.50 a 

Mean 2549.30 2698.25 

LSD (P≤0.05) 118.80 125.50 

(b) Number of bolls plant
-1

 

0.0 21.00 c 23.00 c 

1.0 23.00 b 25.00 b 

1.5 24.00 ab 26.00 ab 

2.0 25.00 a 27.00 a 

2.5 24.00 ab 26.00 ab 

3.0 24.00 ab 25.00 b 

Mean 23.50 25.33 

LSD (P≤0.05) 1.33 1.21 

(c) Boll weight (g) 

0.0 3.27 c 3.35 c 

1.0 3.33 c 3.47 b 

1.5 3.42 b 3.59 a 

2.0 3.62 a 3.67 a 

2.5 3.56 a 3.65 a 

3.0 3.57 a 3.60 a 

Mean 3.46 3.56 

LSD (P ≤ 0.05) 0.06 0.08 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05. 
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Results reported herein are in accord with those of Shorrocks (1992) and Dordas (2006a), 

who reported that maintenance of adequate B content in source (leaves) and its further 

translocation into sink (fruiting bodies) was mainly responsible for retention of higher number of 

bolls and boll weight. Thus, combined effects of higher number of bolls with concurrent 

increased boll weight resulted in an increase in seed cotton yield. Malik et al. (1992) reported an 

increase of 3.8% and 5.4% in boll weight and boll bearing capacity with B fertilization. In an 

early study, Honisch (1975) reported that application of 2.2 kg B ha
-1

 caused an increase of 3.4% 

in boll weight and 12.9% in number of bolls plant
-1

. Sabino et al. (1996) also reported that B 

fertilizer caused appreciable increase in boll weight and SI. There was 8.7% and 10.4% increase 

in boll weight and boll number on soil having 0.39 and 0.46 mg B ha
-1

 (Soomro et al., 2000) 

Similarly, Rashid and Rafique (2002) also observed similar results and reported an increase of 

12.5% in number of bolls plant
-1

 and 5.9% in boll weight with 1.0 kg B ha
-1 

compared with 

control plot. An increase up to 11.0%, 17.0% and 18.0% in number of bolls plant
-1 

was reported 

with 400, 800 and 1200 mg B L
-1

 by Dordas (2006a). He further reported that there was 11.0% 

increase in boll weight with 400 mg B L
-1

 compared with control treatment. 

 

4.1.12. Seed index 

Boron treatments significantly (P≤0.05) improved seed index (SI) of cotton (i.e. weight 

of 100 cotton seeds) with a minor variation for both experimental years (Table 4.11). Seed index 

was increased up to 2.0 kg B ha
-1

, but declined thereafter. Maximum increase in SI was 6.0% 

increase in 2004 and 5.9% increase in 2005 with 2.0 kg B ha
-1

 compared with B untreated plots. 

Low seed weight for control plot could be due to biosynthesis of lesser number of endosperm 

cells per seed and their low ability to accumulate carbohydrates and protein leading to less 

storage, thus impacted in lowering weight of seed. Dell and Huang (1997) reported the positive 

effect of soil applied B on seed weight and its development. In another field study, Soomro et al. 

(2000) reported that SI increased by 2.0% with 2.0 kg B ha
-1

. However, Dordas (2006a) reported 

an increase of 8.8% with foliar application of B at 800 mg L
-1

.  
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Table 4.11. Effect of boron fertilizer on seed index (g) at maturity 
 

Treatments 

B (kg ha
-1

) 

Cropping season 

2004 2005 

0.0 8.40 c 8.50 b 

1.0 8.50 bc 8.70 b 

1.5 8.70 ab 8.80 ab 

2.0 8.90 a 9.00 a 

2.5 8.70 ab 8.70 ab 

3.0 8.50 bc 8.70 ab 

Mean 8.62 8.73 

LSD (P ≤ 0.05) 0.16 0.12 

Means followed by same letter (s) do not differ significantly from each other at (P≤0.05) 
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4.1.13. Fiber quality 

There was non-sifnificant effect of B treatments on fiber quality (fiber length, fiber 

fineness, uniformity ratio and fiber strength) for both experimental years (Table 4.12). Similarly, 

ginning out turn (GOT) was also not significantly affected with B fertilizer for both years. 

Maximum GOT was 39.1 and 39.2% with 3.0 kg B ha
-1

; whereas minimum was 37.9 and 38.3% 

in B un-treated plots for both experimental years. These results are in accord with those of Hearn 

(1981), Heitholt (1994), Makhdum et al. (2002) and Zhao and Oosterhuis (2002), who reported 

that B fertilizer did not significantly affect the fiber quality for cotton crop. Further, they 

suggested that fiber quality could be controlled by genetic and environmental factors rather than 

plant nutrition. However, Miley et al. (1969) reported poor fiber quality on B deficient soil. 

Sabino et al. (1996) reported that B fertilizer improved fiber length and boll weight, decreased 

micronaire index and was negligible for any other fiber quality characteristics. Significant and 

quadratic form for B influence on fiber length was reported by Silva et al. (1979).  

 

4.1.14 Relationships between leaf boron content and seed cotton quantitative and 

qualitative characteristics 

Pearson‟s correlation coefficient (r) between B concentration in leaves was positive and 

significant (P≤0.05) with chlorophyll content (SPAD), photosynthetic rate, transpiration rate 

water-use-efficiency stomatal conductance and seed protein and oil content, numbnber of bolls 

plant
-1

, seed index, seed cotton yield, fiber length, fiber fineness, and fiber strength (Table 4.13), 

signifying that improvement in seed cotton yield, fiber quality and oil quality were due to better 

B nutrition. On the contrary, there existed a negative relationship of intercellular CO2 

concentration, electrolyteleakage and fruiting shedding (%) with B concentration in leaves. Thus, 

electrolyte leakage as well as fruiting shedding decreased with improved B nutrition of plants.  

 

4.1.15. Nutrient dynamics 

Data reported in Fig. 4.2A show elemental concentration in cotton leaf blades, which 

were varied significantly (P≤0.05) at different growth stages with B application. Nitrogen 

concentration increased considerably at 30 days after planting (DAP). On an average, maximum 

concentration of N was 3.15% at 60 DAP.  
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Table 4.12. Effect of boron fertilizer on fiber quality parameters 

 

GOT: Ginning-out-turn, NS: Non -significant 

Treatments 

B (kg ha
-1

) 

Cropping season 

2004 2005 

(a) Fiber length (mm) 

0.0 28.63 NS 28.35 NS 

1.0 28.80 28.60 

1.5 29.08 28.80 

2.0 29.10 28.98 

2.5 29.10 29.10 

3.0 29.10 29.10 

Mean 28.97 28.82 

LSD (P≤0.05) 0.63 0.79 

(b) Fiber Fineness 

0.0 4.40NS 4.51NS 

1.0 4.46 4.55 

1.5 4.45 4.62 

2.0 4.47 4.67 

2.5 4.55 4.68 

3.0 4.59 4.72 

Mean 4.49 4.63 

LSD (P≤0.05) 0.19 0.24 

(c) Uniformity ratio (%) 

0.0 46.40 NS 46.70 NS 

1.0 46.53  46.80  

1.5 46.60  46.90  

2.0 46.70  47.00  

2.5 46.80  47.10  

3.0 47.00 47.20  

Mean 46.67 46.95 

LSD (P≤0.05) 0.79 0.54 

(d) Fiber strength (000 Ibs inch
-2

) 

0.0 95.63 NS 95.65 NS 

1.0 95.80 95.90 

1.5 95.95 96.10 

2.0 96.10 96.30 

2.5 96.30 96.40 

3.0 96.63 96.70 

Mean 96.07 96.18 

LSD (P≤0.05) 1.13 1.17 

(e) GOT (%) 

0.0 37.90NS 38.30 NS 

1.0 38.55 38.70 

1.5 38.70 38.83 

2.0 39.00 39.10 

2.5 39.10 39.13 

3.0 39.10 39.20 

Mean 38.73 38.88 

LSD (P≤0.05) 1.13 1.11 
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Table 4.13. Pearson‟s correlation coefficients (r) for B concentration in leaves with quantitative and qualitative characteristics of cotton plant 

 BL Chl EL PN E WUE gs Ci Op PP FL FF FS GOT SCY BPP BW SI FSH 

BL 1 - - - - - - - - - - - - - - - - - - 

Chl 0.979* 1 - - - - - - - - - - - - - - - - - 

EL -0.998* -0.974* 1 - - - - - - - - - - - - - - - - 

PN 0.986* 0.944* -0.993* 1 - - - - - - - - - - - - - - - 

E 0.982* 0.940* -0.991* 0.999* 1 - - - - - - - - - - - - - - 

WUE 0.988*  0.940* -0.991* 0.997* 0.994* 1 - - - - - - - - - - - - - 

gs 0.994* 0.988* -0.991* 0.972* 0.967* 0.969* 1 - - - - - - - - - - - - 

Ci -0.969* -0.974* 0.964* -0.940* -0.931* -0.936* -0.989* 1 - - - - - - - - - - - 

OP 0.818* 0.695 -0.818* 0.840* 0.828* 0.856* 0.791 -0.766 1 - - - - - - - - - - 

PP 0.982* 0.936* -0.989* 0.999* 0.997* 0.998* 0.965* -0.934* 0.841* 1 - - - - - - - - - 

FL 0.985* 0.963* -0.986* 0.976* 0.970* 0.971* 0.993* -0.987* 0.837* 0.970* 1 - - - - - - - - 

FF 0.951* 0.990* -0.940* 0.896* 0.892* 0.896* 0.961* -0.944* 0.635 0.886* 0.922* 1 - - - - - - - 

FS 0.934* 0.985* -0.928* 0.884* 0.885* 0.876* 0.950* -0.932* 0.581 0.872* 0.909* 0.994* 1 - - - - - - 

GOT 

(%) 
0.993* 0.958* -0.995* 0.989* 0.987* 0.988* 0.982* -0.946* 0.850* 0.983* 0.979* 0.927* 0.911* 1 - - - - - 

SCY 0.965* 0.909* -0.972* 0.976* 0.976* 0.971* 0.956* -0.924* 0.900* 0.967* 0.973* 0.862* 0.846* 0.985* 1 - - - - 

BPP 0.827* 0.719 -0.849* 0.895* 0.897* 0.884* 0.806 -0.776 0.911* 0.893* 0.861* 0.626 0.614 0.864* 0.927* 1 - - - 

BW -0.243 -0.342 0.239 -0.183 -0.171 -0.147 -0.349 0.465 -0.108 -0.158 -0.376 -0.328 -0.357 -0.202 -0.240 -0.141 1 - - 

SI 0.580 0.457 -0.613 0.673 0.679 0.647 0.572 -0.555 0.799 0.663 0.658 0.348 0.348 0.641 0.761 0.923* -0.209 1 - 

FSH -0.823* -0.764 0.839* -0.859* -0.853* -0.840* -0.844* 0.869* -0.842* -0.853* -0.902* -0.676 -0.670 -0.831* -0.893* -0.923* 0.497 -0.862* 1 

 

BL:Boron concentration in leaves; Chl: Chlorophyll content; EL: Electrolyte leakage;; photosynthetic rate (PN), transpiration rate (E), 

water use efficiency (WUE=PN/E), stomatal conductance (gs) and intercellular CO2 (Ci) OP: Oil percentage; PP: Protein percentage; FL: Fiber 

length; FF: Fiber fineness;FS: Fiber strength; GOT%: Ginning out turn; SCY: Seed cotton yield; BPP: Boll plant
-1

; BW: Boll weight; 

SI: Seed index; FSH: Fruit shedding percentage; *: Significant at P<0.05 
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After this, N concentration decreased with advancement in age of plant. Crop treated with 

2.5 kg B ha
-1

 maintained 3.2% concentration of N at 60 DAP, which reduced to 1.97% at 150 

DAP. There was 38.4% decrease in N concentration at maturity (i.e. 150 DAP). The variability 

of concentration N was 96% with plant age (Fig. 4.3A). There was a significant effect of B levels 

on P concentration in cotton leaves (Fig. 4.2B). The P increased up to 45 DAP; thereafter started 

decreasing gradually up to 90 DAP. Ninety days after transplanting, decrease in P concentration 

was abrupt. The P concentration was 0.29% in leaves with 3.0 kg B ha
-1

 at 90 DAP, which was 

0.20% at 150 DAP (maturity), showing a decrease of 31.0% with age. Averaged across B 

treatments, P concentration was 0.33% at 30 DAP and was 0.16% at 150 DAP. Thus, reduction 

in P was 51.5% with age. Phosphorous was 0.30% at 45 DAP in control plot and was 0.35% in 

plant treated with 3.0 kg B ha
-1

, showing an increase of 16.6%. The variability in P concentration 

was 99% with plant age (Fig 4.3B). Boron treatments significantly increased K in leaves; 

whereas it decreased with age of plant (Fig. 4.2 C). It was 3.8, 3.3 and 2.8% at 30, 60 and 90 

DAP with 3.0 kg B ha
-1

. Averaged across B treatments, concentration of K was 3.6 and 2.1% at 

30 and 150 DAP, showing a decrease of 41.6%. The variability in K concentration was 99% with 

age of plant (Fig. 4.3C).  

 

Boron treatments (P≤0.05) decreased Ca concentration in leaves. It was also decreased 

with age of plant (Fig. 4.2D). Averaged across all treatments, Ca in leaves was 2.75, 2.82, 2.74, 

2.59 and 1.95% at 30, 45, 60, 90 and 150 DAP. Maximum Ca concentration was 2.9 and 2.1% in 

control plots; whereas minimum was 2.8 and 2.0% in treatment receiving 3.0 kg B ha
-1

 at 30 and 

150 DAP, respectively. The variability in Ca concentration was about 99% with increase in plant 

age (Fig. 4.3 D). There was a decrease in Mg concentration with B rates and plant age (Fig. 

4.2E). Averaged across B treatments, Mg concentration in leaves was 0.73, 0.77, 0.74, 0.53 and 

0.41% at 30, 45, 60, 90 and 150 DAP. Magnesium was 0.71% in plots treated with 3.0 kg B ha
-1

; 

whereas it was 0.84% in control plot at 45 DAP. A slight decrease (2.81%) in Mg was observed 

with 3.0 kg B ha
-1

 from 45 DAP (0.71%) to 60 DAP (0.69%). After this, Mg concentration 

decreased abruptly and was 0.38% at 150 DAP with 3.0 kg B ha
-1

. The variation in Mg 

concentration with plant age was 89.0% (Fig. 4.3E). 
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Figure 4.2. Effect of boron fertilizer on nutrient concentration at different stages of plant growth. 
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Figure 4.3. Effect of boron fertilizer on nutrient concentration variability with age. 
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Boron concentration in leaves increased with B fertilizer, but decreased with plant age 

(Fig. 4.2F). Boron concentration was 80.0 mg kg
-1

 at 60 DAP in plots treated with 3.0 kg B ha
-1

; 

thereafter decreased to 58.0 mg kg
-1

 at 90 DAP, showing a decrease of 27.5%. Averaged across 

B treatments, B of leaves was 64.0 mg kg
-1

 at 30 DAP, which decreased to 34.0 mg kg
-1 

at 150 

DAP. Thus, decrease in B was 46.90% with plant age. Boron concentration was increased by 

42.8% with 3.0 kg B ha
-1

 at 60 DAP (80.0 mg kg
-1

) compared with control plot (56.0 mg kg
-1

). 

The variation in B concentration was 90% with plant age (Fig. 4.3 F). 

 

Copper concentration in leaves varied with age of plant and B fertilization (Fig. 4.2G). Its 

concentration started increasing and reached its maximum concentrations of 10.6 mg kg
-1

 at 60 

DAP with 3.0 kg B ha
-1

. The Cu concentration was 9.9 mg kg
-1 

at 90 DAP compared with 10.6 

mg kg
-1

 at 60 DAP with 3.0 kg B ha
-1

. Averaged across B treatments, Cu concentration was 9.8 

mg kg
-1

 at 30 DAP and reduced to 7.4 mg kg
-1

 at 150 DAP, showing a decrease of 24.5%. The 

variation in Cu concentration was 95% with plant age (Fig. 4.3G). Boron treatments significantly 

(P≤0.05) affected Fe concentration in leaves with plant age (Fig. 4.2H). Concentrations of Fe 

started increasing from 30 DAP (230 mg kg
-1

) and reached its maximum at 45 DAP (236 mg kg
-

1
); there after it decreased. Averaged across B treatments, Fe concentration was 230 mg kg

-1
 at 

30 DAP, which decreased to 163 mg kg
-1

 at 150 DAP, showing a decrease of 29.1% with plant 

age. Iron concentration was increased 8.9% at 45 DAP (244 mg kg
-1

) with 3.0 kg B ha
-1

 

compared with control plot (224 mg kg
-1

). Variation in Fe concentration with plant age was 89% 

(Fig. 4.3H). 

 

There was a significant (P≤0.05) effect of B treatments on Mn concentration in leaves 

with plant age (Fig. 4.2I). Concentration of Mn decreased with increasing rates of B fertilizer. 

However, Mn concentration started increasing at 30 DAP (131 mg kg
-1

) and reached its 

maximum at 60 DAP (141 mg kg
-1

) in plots treated with 3.0 kg B ha
-1

, showing an increase of 

8.0%. Afterwards, its concentration decreased gradually up to 90 DAP (129 mg kg
-1

), showing a 

decrease of 8.5% compared with Mn at 60 DAP (141 mg kg
-1

) with 3.0 kg B ha
-1

. Averaged 

across B levels, Mn concentration was 135 mg kg
-1

 at 30 DAP, which decreased to 56.0 mg kg
-1

 

at 150 DAP (maturity), reflecting an overall decrease of 58.5%. Manganese was 152 mg kg
-1 

at 

60 DAP in control plot and reduced to 141 mg kg
-1

 in plots treated with 3.0 kg B ha
-1

, showing a 
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decrease of 7.2%. The variation in Mn was 99% with plant age (Fig. 4.3I). An increase in Zn of 

leaves was observed at 30 DAP and reached its maximum concentration at 60 DAP; thereafter 

decreased gradually (Fig. 4.2J). On an average, Zn concentration was 24.8, 29.8, 34.8, 31.0 and 

24.8 mg kg
-1

 at 30, 45, 60, 90 and 150 DAP. Maximum increase in Zn was 11.6% at 60 DAP 

(36.3 mg kg
-1

) with 3.0 kg B ha
-1

 compared with control (32.5 mg kg
-1

). The variability of Zn 

concentration was 76% with plant age (Fig. 4.3J). 

 

Decrease in nutrient concentrations with plant age is well documented (Fernandez-

Escobar, 1999; Lim et al., 1999; Zhao and Oosterhuis.1999; Sorensen, 2000; Fageria, 2008). 

Data reported herein suggest that decrease in N could be due to greater production of carbon-rich 

compounds relative to the accumulation of nutrients like N, P, K, Ca, and/or Mg. Plants require 

more nutrients during early growth stages due to high uptake rate of young roots and to a high 

relative growth rate of young plants. As plants age, the leaf area index and hence the degree of 

mutual shading among leaves increases. This leads to a decrease in net photosynthesis per unit 

leaf area, a reduced relative growth rate, and a decline in nutrient concentration (Drossopoulos et 

al., 1994; Sorenson, 2000). 

 

It is reported that N concentration in cotton leaves decreased with plant age; N content 

was greater at bloom stage (Fritschi et al., 2004). The decline in N at later stages may be due to 

leaf shedding and N mobilization (Sabbe and Hodges, 2010). Nitrogen content in leaf blades has 

been used as diagnostic criteria for correcting N deficiency. The reduction in N content is 

attributed due to leaf abscission, immobilization in organic compound and/or mobilization to 

other parts of plants. The major portion of N is translocated in fruiting bodies such as cotton 

bolls (Oosterhuis et al., 1983; Sabbe and Hodges, 2010). Fritschli et al. (2004) reported that 

maintenance of higher concentration of N at bloom stage was best correlated to forecast the yield 

potential of crops. Data reported herein indicate that crop maintained higher content of N (3.2%) 

at day 60 after planting and then declined steadily. The higher content of N at fall bloom stage 

(60 DAP) was diverted towards high production of seed cotton yield. These results are in accord 

with those of Fritschi et al. (2004) and Sabbe and Hodges (2010), who reported that N 

concentration was reduced in leaf tissues of cotton crop with age of plant. Data indicate that P 

concentration in plant tissues varied with plant age. With passage of time, dry matter of plant 
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increased and nutrient concentration decreased due to dilution effect and with concurrent 

consumption of nutrient increased by plant. Fageria (2008) reported decrease in P concentration 

in upland rice and dry bean with age. Terman (1974) noted that P concentration in leaves of corn 

plants decreased between 24 and 32% during growing season. Similarly, Rominger et al. (1975) 

reported 65% decrease in P concentration of alfalfa with age. Clark (1975) reported that P in 

corn seedling leaves increased for first three to four weeks of age, and then decreased for next 

three to four weeks. Similarly, Shear and Faust (1980) and Ryugo (1988) reported a decline in P 

concentration throughout the growing season in deciduous trees. Results reported herein also 

show that P concentration was 0.33% at 30 DAP, which decreased to 0.16% at 150 DAP. 

Potassium content in leaves increased with increasing B levels; whereas its concentration 

decreased with plant age. Clark (1975) reported that K concentration in corn leaves declined with 

age. Similarly, K concentration in leaves of alfalfa increased with growing age up to vegetative 

stage and then starts declining from blooming until seed setting stage. Potassium concentration in 

shoots of upland rice and dry bean also decreased with advancement of plant age (Fageria, 

2008). Mullins and Burmester (1991) reported that K content decreased in cotton leaves with 

progress of seasons. Data of the present studies indicate that K content was gradually decreased 

with ontogeny. These results are in agreement with those of Mullins and Burmester (1991) and 

Fageria (2008), who reported that K concentration decreased in cotton leaaves and upland rice 

with age of plant.  

 

Calcium concentration decreased with increasing age in upland rice (Fageria, 2008). 

Similarly, Mullins and Burmester (1992) reported decrease in Ca concentration for cotton leaves 

with age. Miller and Smith (1977) reported an increase in Ca concentration up to bloom stage in 

alfalfa (Medicago sativa L.) and then decreased at seed setting stage. Fageria (2008) reported 

33.3% decrease in Mg in plant tissues with age. Miller and Smith (1977) also observed that Mg 

concentration increased in early stages of growth, i.e. up to blooming and then decreased at 

maturity. The decrease in Mg concentration might be due to involvement of Mg in 

photosynthetic activity. Photosynthesis decreased due to reduction in chlorophyll contents with 

plant age (Clark. 1975). These results are in accord with those of Mullins and Burmester (1992) 

and Fageria (2008), who reported that Mg decreased with plant age.  
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Boron concentration in plants is a function of plant age and it decreases with age (Fageria 

and Baligar, 2005; Fageria et al., 2006; Fageria. 2008). Similarly, Rominger et al. (1975) 

reported 59% decrease in B concentration from early vegetative to late bloom stage in alfalfa. 

Boron treatments and plant age markedly affected Cu concentration in leaves at maturity. 

Mullins and Burmester (1993) also reported similar results for cotton crop regarding Cu in 

leaves. Miller and Smith (1977) reported 14.7% decrease in Cu concentration in alfalfa. Data 

indicate that Cu concentration decreased with ontogeny. There was a reduction of 19.5% in Cu 

concentration for plant ageds from 90 to 150 DAP. Similarly, Fageria (2008) also reported 

reduction in Cu content with age of plant. Constable et al. (1988) reported that maintenance of 

3.0 mg Cu kg
-1

 was a critical concentration during early flowering stage of cotton plants. Fageria 

(2008) reported 90% variation in Fe concentration with plant age for upland rice. Miller and 

Smith (1977) reported higher concentration of Fe during early growth stage; thereafter decreased 

for alfalfa. Data of the present study (Fig. 4.2H) indicate that there was 230 mg Fe kg
-1

 at 30 

DAP, which then decreased to 163 mg Fe kg
-1

 at 150 DAP.  

 

Mullins and Burmester (1993) reported that Mn concentration in cotton leaves decreased 

gradually with progress in age. Fageria (2008) reported reduction in Mn concentration for upland 

rice and dry bean with age. Moreover, Miller and Smith (1977) and Welch (1995) reported that 

genetic make-up, stage of physiological processes and environmental factors significantly 

affected decline in Mn content. Data of the present study show that Mn content decreased from 

135 to 56 mg kg
-1

 at 30 and 150 DAP, respectively (Fig.4.2I). Mullins and Burmester (1993), 

Imtiaz et al. (2003a) and Fageria et al. (1997) reported a decrease in Zn content in plants due to 

dilution effect. Miller and Smith (1977) reported higher content of Zn in early growth stages of 

alfalfa. Zinc content in leaves was higher (36.3 mg Zn kg
-1

) at 60 DAP, which decreased to 25.9 

mg Zn kg
-1

 at 90 DAP (Fig4.2 J). 

 

4.1.16. Ions distribution 

Adequate concentration of mineral elements in plant tissues is not only essential for high 

yield, but also for better quality of crops. There are many factors, which greatly affect contents 

of element distribution in different plant organs. Drossopoulos et al. (1994) reported that amount 

of mineral elements absorbed by a plant is a function of growth stages, genotypes, cultural 
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practices, and environmental factors. Data regarding effect of B treatments on concentration of 

macro-(N, P, K, Ca, and Mg) and micro-(B, Cu, Fe, Mn and Zn) nutrients at crop maturity during 

both experimental years are described in the following paragraphs. 

 

Boron treatments significantly affected N concentration in leaves, stems, burs, seed and 

lint (Table 4.14) during both years. At given B levels, comparatively higher N concentration was 

observed in leaves, burs and seed during 2005 than 2004 crop. However, N concentration with B 

rates in stems and seed for experimental year 2004 were almost similar with N concentration for 

experimental year 2005. Averaged across B treatments, N varied in leaves from 1.90 to 1.94%; 

burs (0.55 to 0.58%); lint (0.10 to 0.12%) for experimental years 2004 and 2005. Whereas, it was 

almost similar in stems and seed for both experimental years (Table 4.14). Maximum increase in 

N concentration was 11.2 and 14.8% for leaves; 25.5 and 22.0% for burs; 2.20 and 5.20% for 

seeds; 50.0 and 44.4% for lint with 3.0 kg B ha
-1

 compared with control treatment during 2004 

and 2005. Irrespective of experimental years, N varied from 1.78 to 2.10 % in leaves; 3.08 to 

3.24% in seed; 0.62 to 0.68% in stems; 0.47 to 0.6% in burs; 0.08 to 0.13% in lint with B 

fertilization. There was a positive and significant (P≤0.05) correlation between B and N for 

leaves, stems, burs, seed and lint (Table 4.15). Data reported herein also indicate that N was 

more in seed followed by leaves, stems, burs and lint with B fertilizer. Boron treatments did not 

significantly affected P concentration in stems and lint for crop of 2004; whereas significantly 

(P≤0.05) affected for experimental year 2005 (Table 4.16). Phosphorous varied from 0.33 to 

0.44% (seed); 0.14 to 0.19% (leaves); 0.06 to 0.08% (stems); 0.13 to 0.18% (burs) and 0.04 to 

0.06% (lint) for crops of 2004 and 2005 with B rates. Maximum increase in P concentration was 

28.6 and 35.7% for leaves; 38.5 and 28.6% for burs; 29.4 and 33.3% for seeds with 3.0 kg B ha
-1

 

compared with control treatment during 2004 and 2005, respectively. Whereas, maximum 

increase in P concentration was 16.6% for stems with 2.5 kg B ha
-1

 over control for both 2004 

and 2005, respectively. Among treatments, irrespective of cropping seasons, crop receiving 3.0 

kg B ha
-1

 maintained the highest concentrations of P (i.e., 0.44, 0.19, 0.18, 0.07 and 0.06 % in 

seed, leaves, burs, stems and lint, respectively).There was a positive and significant (P≤0.05) 

correlation between B and P for leaves burs, seed and lint; whereas it was non-sifnificant for 

stems (Table 4.17). Results reported herein indicate that concentration of P in plant parts was in 

the order of seeds > leaves > burs > stems > lint.  
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Table 4.14. Effect of boron fertilizer on nitrogen concentration (%) in different plant parts at 

maturity 

Treatments 

Boron (kg ha
-1

) 

Cropping season 

2004 2005 

(a) Leaves (N %) 

0.0 1.78 d 1.83 d 

1.0 1.85 c 1.88 cd 

1.5 1.89 bc 1.92 bc 

2.0 1.93 ab 1.95 b 

2.5 1.96 a 1.97 b 

3.0 1.98 a 2.10 a 

Mean 1.90 1.94 

LSD (P≤0.05) 0.07 0.06 

(b) Stems (N %) 

0.0 0.62 c 0.63 b 

1.0 0.65 b 0.67 a 

1.5 0.66 ab 0.67 a 

2.0 0.67 ab 0.68 a 

2.5 0.67 ab 0.67 a 

3.0 0.68 a 0.67 a 

Mean 0.66 0.67 

LSD (P≤0.05) 0.03 0.03 

(c) Burs (N %) 

0.0 0.47 d 0.50 c 

1.0 0.53 c 0.56 b 

1.5 0.55 bc 0.59 a 

2.0 0.57 ab 0.6 a 

2.5 0.57 ab 0.6 a 

3.0 0.59 ab 0.61 a 

Mean 0.55  0.58 

LSD (P≤0.05) 0.03 0.03 

(d) Seed (N %) 

0.0 3.14 c 3.08 d 

1.0 3.18 b 3.17 c 

1.5 3.2 ab 3.21 b 

2.0 3.2 ab 3.22 ab 

2.5 3.21 a 3.23 ab 

3.0 3.21 a 3.24 a 

Mean 3.19 3.19 

LSD (P≤0.05) 0.02     0.02 

(e) Lint (N %) 

0.0 0.08 c 0.09 c 

1.0 0.10 b 0.11 b 

1.5 0.10 b 0.12 ab 

2.0 0.10 b 0.12 ab 

2.5 0.12 a 0.12 ab 

3.0 0.12 a 0.13 a 

Mean 0.10 0.12 

LSD (P≤0.05) 0.01 0.02 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Table 4.15. Relationships between boron and nitrogen concentrations in different parts of plant at 

maturity 

Variables Regression equation Correlation co-efficient (r) 

B conc. in leaves vs. N conc. in leaves Y= 1.30 + 0.0184X 0.78* 

B conc. in stems vs. N conc. in stems Y= 0.471 + 0.0049X 0.62* 

B conc. in burs vs. N
 
conc. in burs Y= 0.024 + 0.009X 0.69* 

B
 
 conc. in seed vs. N conc. in seed Y= 2.89 + 0.00795X 0.75* 

B
 
 conc. in lint vs. N conc. in lint Y= 0.043 + 0.0024X 0.55* 

* Significant at P≤0.05 
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Table 4.16. Effect of boron fertilizer on phosphorus concentration (%) in different plant parts at 

maturity 

(d) Seed (P%) 

0.0 0.34 d 0.33 d 

1.0 0.38 c 0.38 c 

1.5 0.40 bc 0.39 bc 

2.0 0.43 ab 0.41 ab 

2.5 0.44 a 0.41 ab 

3.0 0.44 a 0.43 a 

Mean 0.40 0.39 

LSD (P≤0.05) 0.03 0.02 

(e). Lint (P%) 

0.0 0.05 a 0.04 b 

1.0 0.06 a 0.05 ab 

1.5 0.06 a 0.05 ab 

2.0 0.06 a 0.06 a 

2.5 0.06 a 0.06 a 

3.0 0.06 a 0.06 a 

Mean 0.06 0.05 

LSD (P≤0.05) 0.01 0.01 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 

Treatments 

Boron (kg ha
-1

) 

Cropping season 

2004 2005 

(a) Leaves (P%) 

0.0 0.14 b 0.14 c 

1.0 0.16 ab 0.16 b 

1.5 0.16 ab 0.16 b 

2.0 0.17 a 0.17 b 

2.5 0.18 a 0.19 a 

3.0 0.18 a 0.19 a 

Mean 0.16 0.17 

LSD (P≤0.05) 0.02 0.01 

(b) Stems (P%) 

0.0 0.06 a 0.06 b 

1.0 0.07 a 0.06 b 

1.5 0.07 a 0.08 a 

2.0 0.07 a 0.07 ab 

2.5 0.07 a 0.07 ab 

3.0 0.07 a 0.06 b 

Mean 0.07 0.07 

LSD (P≤0.05) 0.01 0.02 

(c) Burs (P%) 

0.0 0.13 d 0.14 b 

1.0 0.15 c 0.16 ab 

1.5 0.16 bc 0.16 ab 

2.0 0.17 ab 0.17 a 

2.5 0.17 ab 0.18 a 

3.0 0.18 a 0.18 a 

Mean 0.16 0.17 

LSD (P≤0.05) 0.02 0.02 
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Table 4.17. Relationships between boron and phosphorus concentrations in different parts of 

plant at maturity 

Variables Regression equation Correlation co-efficient (r) 

B conc. in leaves vs. P conc. in leaves Y=0.057 + 0.00649x 0.83* 

B
  
conc. in stems vs. P conc. in stems Y=0.0296 + 0.00115x  0.38 NS 

B conc. in burs vs. P
 
conc. in burs Y=0.03870 + 0.0036x 0.44 NS 

B conc. in seed vs. P conc. in seed Y=0.140 + 0.0067x 0.75* 

B conc. in lint vs. P conc. in lint Y=0.0176 + 0.00145x 0.44 NS 

* Significant at P≤0.05; NS= Non-significant at P≤ 0.05 level 
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Averaged across B treatments, K content varied from 2.10 to 2.11%; 1.09 to 1.14%; 3.00 

to 3.05%; 1.82 to 1.84%, and 0.75 to 0.84 % in leaves, stems, burs, seed and lint, respectively 

during experimental years 2004 and 2005 (Table 4.18). 

 

Maximum increase in K concentration was 23.1 and 26.8% for stems; 14.1 and 12.4% 

burs; 10.0 and 9.24% for seeds; 33.3 and 26.7% for lint with 3.0 kg B ha
-1

 compared with control 

treatment during 2004 and 2005. Similarly, maximum increase in K concentration for leaves was 

9.1% with 2.5 kg B ha
-1 

and 10.2% with 3.0 kg B ha
-1

 over un-treated plot for crop of 2004 and 

2005. Data also show that maximum K was accumulated in burs; whereas minimum was 

observed in lint. A positive and significant (P≤0.05) correlation was observed between B and K
 

for leaves, stems, burs, seed and lint (Table 4.19). Irrespective of cropping seasons crop 

receiving 3.0 kg B ha
-1

 maintained highest concentration of K (i.e. 3.17%, 2.16%, 1.89% , 1.23% 

and 0.90 % in burs, leaves, seed, stems and lint, respectively). 

 

There was a decrease in Ca concentration in leaves, stems, burs, seed and lint with B 

levels for both experimental years (Table 4.20). At given B levels, concentration of Ca in leaves, 

stems, seed and lint was higher for 2005 compared with 2004. In contrast, Ca concentration was 

higher in burs for 2004 compared with 2005. Averaged across B treatments, Ca varied from 1.93 

to 1.97%; 0.48 to 0.51%; 0.21 to 0.20%; 0.19 to 0.21%; 0.03 to 0.05% in leaves, stems, burs, 

seed and leaves during years 2004 and 2005. Decrease in Ca concentration was 11.8 and 9.9% 

for leaves; 16.6 and 16.0 % for stems; 32.0 and 25.0 % for burs; 44.0 and 37.0% for seed; 40.0 

and 33.3% for lint with 3.0 kg B ha
-1

 compared with control plot for experimental years 2004 

and 2005. Data reported in Table 4.21 show that there was negative, but significant correlation 

between B and Ca
 
(r = -0.78; -0.68; -0.68; -0.81) for leaves, stems, burs, and seed respectively. It 

is also evident that irrespective of experimental years, crop treated with 3.0 kg B ha
-1

 had lowest 

concentration of Ca i.e. 1.86%, 0.45%, 0.17%, 0.14% and 0.03%) for leaves, stems, burs, seed 

and lint, respectively. Calcium accumulation was in order of leaves > stems >burs > seed > lint 

with B levels.  

 

Boron treatments significantly (P≤0.05%) affected Mg concentration in plant parts for 

both experimental years (Table 4.22).  
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Table 4.18. Effect of boron fertilizer on potassium concentration (%) in different plant parts at 

maturity 

Treatments 

Boron (kg ha
-1

) 

Cropping season 

2004 2005 

(a) Leaves (K%) 

0.0 1.97 b 1.96 b 

1.0 2.12 a 2.11 a 

1.5 2.13 a 2.13 a 

2.0 2.13 a 2.14 a 

2.5 2.15 a 2.15 a 

3.0 2.14 a 2.16 a 

Mean 2.10 2.11 

LSD (P≤0.05) 0.05 0.06 

(b) Stems (K%) 

0.0 0.95 d 0.97 d 

1.0 1.02 cd 1.09 c 

1.5 1.07 bc 1.15 bc 

2.0 1.13 ab 1.19 ab 

2.5 1.17 a 1.22 a 

3.0 1.17 a 1.23 a 

Mean 1.09 1.14 

LSD (P≤0.05) 0.07 0.07 

(c) Burs (K%) 

0.0 2.76 c 2.82 c 

1.0 2.89 bc 2.93 b 

1.5 2.98 b 3.10 a 

2.0 3.12 a 3.13 a 

2.5 3.15 a 3.17 a 

3.0 3.15 a 3.17 a 

Mean 3.01 3.05 

LSD (P≤0.05) 0.14 0.10 

(d) Seed (K%) 

0.0 1.70 c 1.73 c 

1.0 1.78 b 1.83 b 

1.5 1.82 ab 1.86 ab 

2.0 1.85 a 1.86 ab 

2.5 1.87 a 1.89 a 

3.0 1.87 a 1.89 a 

Mean 1.82 1.84 

LSD (P≤0.05) 0.06 0.05 

(e) Lint (K%) 

0.0 0.60 b 0.71 c 

1.0 0.70 ab 0.80 bc 

1.5 0.79 a 0.85 ab 

2.0 0.80 a 0.90 a 

2.5 0.80 a 0.90 a 

3.0 0.80 a 0.90 a 

Mean 0.75 0.84 

LSD (P≤0.05) 0.11 0.09 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Table 4.19. Relationships between boron and potassium concentrations in different parts of plant 

at maturity 

Variables Regression equation Correlation co-efficient (r) 

B conc. in leaves vs. K conc. in leaves Y= 1.62 + 0.0145X 0.72* 

B conc. in stems vs. K conc. in stems Y= 0.255 + 0.257X 0.80* 

B conc. in burs vs. K conc. in burs Y= 1.83 + 0.0348X 0.69* 

B conc. in seed vs. K conc. in seed Y= 0.852 + 0.0125X 0.87* 

B conc. in lint vs. K conc. in lint Y= 0.305 + 0.0186X 0.54* 

* Significant at the P<0.05 level 
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Table 4.20. Effects of boron fertilizer on calcium concentration (%) in different plant parts at 

maturity 

Treatments 

Boron (kg ha
-1

) 

Cropping season 

2004 2005 

(a) Leaves (Ca%) 

0.0 2.11 a 2.12 a 

1.0 1.94 b 1.98 b 

1.5 1.92 b 1.95 b 

2.0 1.88 b 1.92 b 

2.5 1.87 b 1.92 b 

3.0 1.86 b 1.91 b 

Mean 1.93 1.97 

LSD (P≤0.05) 0.08 0.08 

(b). Stems (Ca%) 

0.0 0.54 a 0.56 a 

1.0 0.50 b 0.53 b 

1.5 0.48 bc 0.51 bc 

2.0 0.47 cd 0.49 cd 

2.5 0.46 cd 0.49 cd 

3.0 0.45 d 0.47 d 

Mean 0.48 0.51 

LSD (P≤0.05) 0.02 0.03 

(c) Burs (Ca%) 

0.0 0.25 a 0.24 a 

1.0 0.22 b 0.22 ab 

1.5 0.21 bc 0.20 bc 

2.0 0.20 bc 0.19 c 

2.5 0.19 cd 0.18 c 

3.0 0.17 d 0.18 c 

Mean 0.21 0.20 

LSD (P≤0.05) 0.03 0.021 

(d) Seed (Ca%) 

0.0 0.25 a 0.27 a 

1.0 0.22 b 0.24 b 

1.5 0.19 c 0.20 c 

2.0 0.17 d 0.18 d 

2.5 0.16 d 0.17 d 

3.0 0.14 e 0.17 d 

Mean 0.19 0.21 

LSD (P≤0.05) 0.02 0.02 

(e) Lint (Ca%)  

0.0 0.05 a 0.06 a 

1.0 0.04 ab 0.05 ab 

1.5 0.04 ab 0.05 ab 

2.0 0.03 b 0.04 b 

2.5 0.03 b 0.04 b 

3.0 0.03 b 0.04 b 

Mean 0.04 0.05 

LSD (P≤0.05) 0.01 0.01 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Table 4.21. Relationships between boron and calcium concentrations in different parts of plant at 

maturity 

Variables Regression equation Correlation co-efficient (r) 

B conc. in leaves vs. Ca
 
 conc. in leaves Y=  2.63 - 0.020X -0.78* 

B conc. in stems vs. Ca
 
 conc. in stems Y= 0.744 - 0.0074X -0.68* 

B conc. in burs vs. Ca
 
 conc. in burs Y= 0.41 - 0.00607X -0.68* 

B conc. in seed vs. Ca
 
 conc. in seed Y= 0.503 - 0.008X -0.81* 

B conc. in lint vs. Ca
 
 conc. in lint Y= 0.073 - 0.001X -0.44NS 

* Significant at P<0.05 level; NS= Non-significant at P≤ 0.05 level 
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Table 4.22. Effects of boron fertilizer on magnesium concentration (%) in different plant parts at 

maturity 

Treatments 
Boron (kg ha

-1
) 

Cropping season 
2004 2005 

(a) Leaves (Mg%) 
0.0 0.46 a 0.47 a 

1.0 0.42 b 0.43 b 

1.5 0.39 bc 0.41 bc 

2.0 0.38 c 0.40  bc 

2.5 0.37 c 0.39 c 

3.0 0.37 c 0.39 c 

Mean 0.40 0.42 

LSD (P≤0.05) 0.036 0.036 

(b) Stems (Mg%) 

0.0 0.25 a 0.24 a 

1.0 0.23 ab 0.22 ab 

1.5 0.22 b 0.22 ab 

2.0 0.22 b 0.21 bc 

2.5 0.21 b 0.21 bc 

3.0 0.21 b 0.19 c 

Mean 0.22 0.21 

LSD (P≤0.05) 0.026 0.026 

(c) Burs (Mg%) 

0.0 0.26 a 0.24 a 

1.0 0.24 b 0.23 ab 

1.5 0.24 b 0.22 ab 

2.0 0.23 bc 0.22 ab 

2.5 0.22 c 0.21 b 

3.0 0.22 c 0.21 b 

Mean 0.24 0.22 

LSD (P≤0.05) 0.015 0.026 

(d) Seed (Mg%) 

0.0 0.14 a 0.15 a 

1.0 0.12 b 0.13 b 

1.5 0.11 bc 0.12 bc 

2.0 0.10 cd 0.11 c 

2.5 0.10 cd 0.11 c 

3.0 0.09  d 0.11 c 

Mean 0.11 0.12 

LSD (P≤0.05) 0.015 0.015 

(e) Lint (Mg%) 

0.0 0.007 a 0.008 a 

1.0 0.007 a 0.008 a 

1.5 0.007 a 0.007 a 

2.0 0.005 a 0.007 a 

2.5 0.005 a 0.007 a 

3.0 0.005 a 0.007 a 

Mean 0.006 0.007 

LSD (P≤0.05) 0.0005 0.0008 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Table 4.23. Relationships between boron and magnesuim concentrations in different parts of 

plant at maturity 

Variables Regression equation Correlation co-efficient (r) 

B conc. in leaves vs. Mg conc. in leaves Y= 0.695  - 0.0086X -0.81* 

B conc. in stems vs. Mg conc. in stems Y= 0.342 - 0.0036X -0.58* 

B conc. in burs vs. Mg conc. in burs Y= 0.359 - 0.0037X -0.61* 

B conc. in seed vs. Mg conc. in seed Y= 0.245 - 0.0034X -0.70* 

B conc. in lint vs. Mg conc. in lint Y= 0.0096 - 0.0001X -0.37NS 

* significant at P< 0.05 level ; NS= Non-significant at P<0.05 level 
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There was decrease in Mg concentration in leaves, stems, burs, seed and lint with B up to 

1.5 kg ha
-1

; thereafter it remained almost similar with B from 1.5 to 3.0 kg ha
-1

 for experimental 

years 2004 and 2005. Averaged across B treatments, Mg
 
ranged from 0.40 to 0.42%; 0.21 to 

0.22%; 0.22 to 0.24%; 0.11 to 0.12%; 0.006 to 0.007% in leaves, stems, burs, seed, and lint, 

respectively.  Maximum decrease in Mg concentration was 19.6 and 17.0 % in leaves; 16.0 and 

20.8% in stems; 15.4 and 12.5 % in burs; 35.7 and 26.6% in seed; 28.5and 12.5 % in lint with 3.0 

kg B ha
-1

 compared with control plot for crops of 2004 and 2005. There was a significant and 

negative correlation coefficient (r) between B and Mg for leaves, stems, burs and seed (except 

lint where it is non-significant (Table 4.23).  

 

At given levels of B, there was more B concentration in leaves and burs for experimental 

year 2004 compared with crop of 2005 (Table 4.24). For example, at 3.0 kg B ha
-1

, maximum B 

concentration was 39.3 and 37.3 mg kg
-1

 in leaves; 39.0 and 36.0 mg kg
-1

 in burs for crops of 

2004 and 2005. In contrast, more B concentration was observed in stems (37.0 and 36.0 mg kg
-1

) 

and lint (30.0 and 28.0 mg kg
-1

) with 3.0 kg B ha
-1

 for crop of 2005 than crop of 2004. Maximum 

increase in B concentration for leaves, stems, burs, seeds, and lint was 42.2 and 31.1%; 33.3 and 

27.6%; 34.4 and 20.0%; 40.0 and 31.2%; 33.3 and 50.0% with 3.0 kg B ha
-1 

compared with 

control plots, respectively for crops of 2004 and 2005. Averaged across B levels, irrespective of 

experimental years, concentration of B in leaves, stems, burs, seed, and lint varied from 32.99 to 

34.44; 32.83 to 34.27; 34.0 to 35.04; 37.50 to 38.17 and 25.83 to 26.83 mg kg
-1

, respectively. 

Crop of 2005 had lower concentration of Cu in leaves compared with crop of 2004 (Table 4.25). 

In contrast, Cu concentration was higher for stems, burs, seed and lint for experimental year 

2005 than that of 2004. Irrespective of experimental years, averaged across B levels, Cu 

concentration varied from 7.24 to 7.56 mg kg
-1

 in leaves; 8.05 to 9.44 mg kg
-1

 (stems); 8.42 to 

8.66 mg kg
-1

 (burs); 5.87 to 6.08 mg kg
-1

 (seed); 2.73 to 2.82 mg kg
-1 

(lint). Maximum increase 

in Cu for leaves, stems, burs, seed and lint was 17.3 and 20.6%; 23.2 and 19.5%; 21.9 and 

21.0%; 28.5 and 27.4%; 30.0 and 57.3% with 3.0 kg B ha
-1 

over control treatment for 

experimental years 2004 and 2005. There was positive and significant correlation between B and 

Cu for leaves, stems, burs, seed and lint (Table 4.26).  
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Table 4.24. Effect of boron fertilizer on boron concentration (mg kg
-1

) in different plant parts at maturity 

Treatments 

Boron (kg ha
-1

) 

Cropping season 

2004 2005 

(a) Leaves (B mgkg
-1

) 

0.0  27.63 e 28.45 e 

1.0 31.33 d 30.95 d 

1.5 34.20 c 32.25 cd 

2.0 36.13 b 33.80 bc 

2.5 38.05 a 35.18 b 

3.0 39.28 a 37.3 a 

Mean 34.44 32.99 

LSD (P≤0.05) 1.9 1.7 

(b) Stems (B mgkg
-1

) 

0.0 27.00 e 29.00 d 

1.0 32.00 d 33.00 c 

1.5 33.00 cd 35.00 b 

2.0 34.00 bc 35.50 b 

2.5 35.00 ab 36.09 ab 

3.0 36.00 a 37.00 a 

Mean 32.83 34.27 

LSD (P≤0.05) 1.63 1.60 

(c) Burs (B mgkg
-1

) 

0.0 29.00  d 30.00 c 

1.0 34.00  c 33.00 b 

1.5 35.00  bc 34.00 ab 

2.0 36.25 bc 35.00 ab 

2.5 37.00 ab 36.00 a 

3.0 39.00 a 36.00 a 

Mean 35.04 34.00 

LSD (P≤0.05) 2.67 2.57 

(d) Seed (B mgkg
-1

) 

0.0 30.00 d 32.00 e 

1.0 35.00 c 36.00 d 

1.5 37.00 bc 38.00 c 

2.0 39.00 b 40.00 b 

2.5 42.00 a 41.00 ab 

3.0 42.00 a 42.00 a 

Mean 37.50  
 

38.17 

LSD (P≤0.05) 2.71 1.88 

(e) Lint (B mgkg
-1

) 

0.0 21.00 d 20.00 d 

1.0 24.25 c 25.00 c 

1.5 26.00 d 28.00 b 

2.0 27.75 a 29.00 ab 

2.5 28.00  a 29.00 ab 

3.0 28.00  a 30.00 a 

Mean 25.83 26.83 

LSD (P≤0.05) 1.51 1.46 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Table 4.25. Effect of boron fertilizer on copper concentration (mg kg
-1

) in different plant parts at 

maturity 

Treatments 

Boron (kg ha
-1

) 

Cropping season 

2004 2005 

(a). Leaves (Cu mg kg
-1

)  

0.0 6.90 b 6.46 c 

1.0 7.05 b 6.73 c 

1.5 7.65 a 7.36 b 

2.0 7.78 a 7.49 ab 

2.5 7.91 a 7.61 ab 

3.0 8.09 a 7.79 a 

Mean 7.56 7.24 

LSD (P≤0.05) 0.53 0.35 

(b). Stems (Cu mg kg
-1

) 

0.0 6.90 c 8.10 b 

1.0 7.70 b 9.70a 

1.5 8.30 a 9.70 a 

2.0 8.40 a 9.70 a 

2.5 8.50 a 9.75 a 

3.0 8.50 a 9.68 a 

Mean 8.05 9.44 

LSD (P≤0.05) 0.58 0.38 

(c). Burs (Cu mg kg
-1

) 

0.0 7.30 c 7.60 c 

1.0 8.20 b 8.45 b 

1.5 8.50 ab 8.60 ab 

2.0 8.70 ab 8.90 ab 

2.5 8.90 a 9.20 a 

3.0 8.90 a 9.20 a 

Mean 8.42 8.66 

LSD (P≤0.05) 0.61 0.66 

(d). Seed(Cu mg kg
-1

) 

0.0 4.90 c 5.10 b 

1.0 5.50 b 5.80 b 

1.5 5.90 ab 6.20 ab 

2.0 6.30 a 6.40 a 

2.5 6.30 a 6.50 a 

3.0 6.30 a 6.50 a 

Mean 5.87 6.08 

LSD (P≤0.05) 0.53 0.56 

(e). Lint(Cu mg kg
-1

) 

0.0 2.23 c 2.00 c 

1.0 2.60 b 2.80 b 

1.5 2.80 ab 2.90 ab 

2.0 2.90 a 2.98 ab 

2.5 2.93 a 3.10 a 

3.0 2.90 a 3.15 a 

Mean 2.73 2.82 

LSD (P≤0.05) 0.29 0.29 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Table 4.26. Relationships between boron and Copper concentrations in different parts of plant at 

maturity 

Variables Regression equation  Correlation co-efficient (r) 

B conc. in leaves vs. Cu
 
conc. in leaves Y= 3.25 + 0.123X 0.91* 

B conc. In stems vs. Cu
 
conc. in stems Y= -1.37 + 0.319X 0.77* 

B conc. In burs vs. Cu
 
 conc. in burs Y= 3.99 + 0.132X 0.61* 

B conc. In seed vs. Cu
 
 conc. in seed Y= 1.80 + 0.110X 0.74* 

B conc. in lint vs. Cu
 
 conc. in lint Y= 1.00 + 0.067X 0.67* 

* Significant at P≤0.05 
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Boron treatments significantly (P≤0.05) affected Fe concentration in leaves, stems, burs, 

seed and lint for both experimental years (Table 4.27). At given B rates, Fe concentration was 

higher in leaves, stems, burs, seed and lint for 2005 compared with 2004. For example, at 3.0 kg 

B ha
-1

, Fe concentration in leaves, stems, burs and seed was 170.0 and 167.0; 123.0 and 115.0; 

234.0 and 233.0 mg kg
-1

 for experimental year 2005 compared with 2004. Averaged across B 

levels, concentration of Fe
 
in leaves, stems, burs, seed and lint ranged from 160.7 to 164.30 mg 

kg
-1

; 111.3 to 118.5 mg kg
-1

; 227.7 to 231.2 mg kg
-1

; 155.2 to 158.7 mg kg
-1

 and 27.8 to 27.7 mg 

kg
-1

, for experimental years 2004 and 2005, respectively. Maximum increase in Fe concentration 

was 12.1 and 11.1% for leaves; 10.6 and 11.8% for stems; 5.9 and 4.0 % for burs; 11.1 and 8.1% 

for seed; 24.4 and 21.3% for lint with 3.0 kg B ha
-1

 compared with control plot for experimental 

years 2004 and 2005. Data reported in Table 4.28 indicate that there was a positive and 

significant correlation between B and Fe for leaves, stems, burs, seeds and lint.  

 

At given B levels, Mn concentration was higher for leaves, stems, burs and lint during 

2005 than that 2004; whereas seed contained more Mn concentration for experimental year 2004 

compared with crop of 2005 (Table 4.29). For instance, maximum decrease in Mn concentration 

was 22.2 and 17.6 %; 11.1 and 12.6%; 13.7 and 15.2%; 11.4 and 14.9%; 10.5% and 13.5% with 

3.0 kg B ha
-1

 in leaves, stems, burs, seed and lint compared with control plot for 2004 and 2005. 

Averaged across B levels, irrespective of experimental years, Mn concentration varied from 53.7 

to 58.2 mg kg
-1

 (leaves); 50.3 to 52.4 mg kg
-1

 (stems); 54.2 to 55.9 mg kg
-1 

(burs); 24.3 to 25.3 

mg kg 
-1 

(seed); 6.2 to 6.4 mg kg
-1

 (lint), respectively. A negative and significant (p≤0.05) 

correlation between B and Mn was observed for leaves (r = -0.83), stems (r = -0.56), burs (r = -

0.75), seed (r = -0.61) and lint (r = -0.52) (Table 4.30). 

 

Data reported in Table 4.31 show that at given B rates, leaves and seed had higher Zn 

concentration for crop of 2004 than that crop of 2005; whereas stems, burs and lint had more Zn 

concentration for experimental year 2005 compared with 2004. Maximum increase in Zn 

concentration was 11.2 and 12.8%; 30.7 and 26.6%; 27.5  and 28.7%; 6.9 and 18.5%; 16.4 and 

19.1% with 3.0 kg B ha
-1

 for leaves, stems, burs, seed and lint compared with control plot for 

2004 and 2005.  
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Table 4.27. Effect of boron fertilizer on iron concentration (mg kg
-1

) in different plant parts at 

maturity 

Treatments 

Boron (kg ha
-1

) 

Cropping season 

2004 2005 

(a) Leaves (Fe mg kg
-1

) 

0.0 149.00 c 153.00 c 

1.0 157.00 b 160.00 b 

1.5 162.00 ab 165.00 ab 

2.0 164.00ab 168.00 a 

2.5 165.00 a 169.80 a 

3.0 167.00 a 170.00a 

Mean 160.67 164.30 

LSD (P≤0.05) 7.66 6.51 

(b) Stems (Fe mg kg
-1

) 

0.0 104.00 b 110.00 c 

1.0 110.00 ab 116.00 b 

1.5 112.00 a 119.00 ab 

2.0 113.00 a 121.00 ab 

2.5 114.00 a 122.00 a 

3.0 115.00 a 123.00 a 

Mean 111.30 118.50 

LSD (P≤0.05) 6.76 5.63 

(c) Burs (Fe mg kg
-1

) 

0.0 220.00 a 225.00 a 

1.0 224.00 a 231.00 a 

1.5 227.00 a 232.00 a 

2.0 230.00 a 233.00 a 

2.5 232.00 a 232.20 a 

3.0 233.00 a 234.00 a 

Mean 227.70 231.20 

LSD (P≤0.05) 16.18 15.35 

(d) Seed (Fe mg kg
-1

) 

0.0 144.00 c 148.00 c 

1.0 151.00 b 159.30 ab 

1.5 156.00ab 162.00 ab 

2.0 160.00 a 165.00 a 

2.5 160.30 a 158.00 b 

3.0 160.00 a 160.00 ab 

Mean 155.2 158.72 

LSD (P≤0.05) 6.03 6.54 

(e) Lint (Fe mg kg
-1

) 

0.0 23.80 c 24.40 c 

1.0 26.40 b 26.40 bc 

1.5 28.50 ab 27.80 ab 

2.0 29.30a 28.50 ab 

2.5 29.60 a 29.60 ab 

3.0 29.60 a 29.60 ab 

Mean 27.87 27.72 

LSD (P≤0.05) 2.25 2.05 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 



 

105 

 

Table 4.28.Relationships between boron and iron concentrations in different parts of plant at 

maturity 

Variables Regression equation Correlation co-efficient (r) 

B conc. in leaves vs. Fe conc. in leaves Y= 112 + 1.50x 0.71* 

B conc. in stems vs. Fe conc. in stems Y= 71.3 + 1.30x 0.66* 

B
 
 conc. in burs vs. Fe conc. in burs Y= 1.97 + 0.938x 0.30 NS 

B conc. in seed vs. Fe conc. in seed Y= 117 + 1.06x 0.64* 

B conc. in lint vs Fe conc. in lint Y= 17.9 + 0.374x 0.61* 

* significant at P≤0.05; NS= Non-significant at P≤0.05 level 
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Table 4.29. Effect of boron fertilizer on manganese concentration (mg kg
-1

) in different plant 

parts at maturity 

Treatments 

B (kg ha
-1

) 

Cropping season 

2004 2005 

(a) Leaves (Mn mg kg
-1

) 

0.0 63.0 a 65.25 a 

1.0 56.0 b 61.0 b 

1.5 53.0 b c 58.0 c 

2.0 51.0  c 56.0 cd 

2.5 50.0 c 55.0 de 

3.0 49.0 c 53.75 e 

Mean 53.67 58.17 

LSD (P≤0.05) 4.35 2.98 

(b) Stems (Mn mg kg
-1

) 

0.0 54.0 a 57.25 a 

1.0 52.0 ab 54.0 b 

1.5 51.0 bc 52.0 bc 

2.0 49.0 cd 51.0 c 

2.5 48.0 d 50.0 c 

3.0 48.0 d 50.0 c 

Mean 50.33 52.38 

LSD (P≤0.05) 2.80 2.32 

(c) Burs (Mn mg kg
-1

) 

0.0 58.23 a 61.35 a 

1.0 56.3a b 58.20 b 

1.5 54.5b c 56.30 bc 

2.0 53.6 c 54.50 cd 

2.5 52.35 cd 53.00 de 

3.0 50.25 d 52.00 e 

Mean 54.21 55.89 

LSD (P≤0.05) 2.32 2.18 

(d) Seed (Mn mg kg
-1

)  

0.0 27.10 a 26.80 a 

1.0 26.50 ab 25.20 ab 

1.5 25.30 abc 24.50 bc 

2.0 24.60 bc 23.40 bc 

2.5 24.20 c 23.20 bc 

3.0 24.0 c 22.80 c 

Mean 25.28 24.32 

LSD (P≤0.05) 2.21 2.24 

(e) Lint(Mn mg kg
-1

) 

0.0 6.40 a 6.82 a 

1.0 6.39 a 6.55 b 

1.5 6.39 a 6.42 b 

2.0 6.21 ab 6.34 bc 

2.5 5.98 bc 6.10 cd 

3.0 5.73  c 5.90  d 

Mean 6.18 6.36 

LSD (P≤0.05) 0.27 0.26 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Table 4.30. Relationships between boron and manganese concentrations in different parts of 

plant at maturity 

 

Variables Regression equation Correlation co-efficient (r) 

B conc. in leaves vs. Mn conc. in leaves Y= 98.3 - 1.26x -0.83* 

B conc. In stems vs. Mn conc. In stems Y= 69.5 - 0.539x -0.56* 

B conc. In burs vs. Mn conc. In burs Y= 82.1 - 0.784x -0.75* 

B conc. in seed vs. Mn  conc. in seed Y= 35.1 - 0.272x -0.61* 

B conc. in lint vs. Mn conc. in lint Y= 7.38 - 0.042x -0.52* 

* Significant at P<0.05 level 
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Averaged across B treatments and irrespective of experimental years, Zn concentration 

varied from 25.6 to 26.3 mg kg
-1

; 15.8 to 17.2 mg kg
-1

; 11.6 to 12.2 mg kg
-1

; 29.8 to 30.3 mg kg
-

1
; 6.6 to 7.6 mg kg 

-1 
in leaves, stems, burs, seed and lint, respectively. A positive and significant 

(p≤0.05) correlation between B and Zn
 
was observed for leaves (r = 0.72), stems (r = 0. 63), burs 

(r = 0.70), seed (r = 0.53) and lint (r = 0.63 (Table 4.32). 

 

A little is reported for the effect of soil applied B fertilizer on elemental 

concentration in different plant parts of cotton plant. It is believed that B has a favorable 

influence on the absorption of cations; whereas its retarding effect on the absorption of anions 

was also reported in literature (Batey, 1971). Boron interactions either synergism or antagonism 

could affect plant nutrition for both deficient and toxic conditions. Therefore, differences and 

contradictions in plant nutrient absorption with regard to B fertilizer were recorded; these could 

be due to different growth media, crop species and varieties, plant parts analyzed, plant age, and 

environmental conditions (Tariq and Mott, 2007).  

 

Data reported herein show that N concentration increased with increasing levels of 

B fertilizer. A positive and significant correlation (leaf: 0.78; stem: 0.62; burs: 0.69; seed: 

0.75; lint: 0.55) was observed between B and N, suggesting that soil applied B significantly 

enhanced absorption of N. These results are in accord with those of Singh and Singh (1983 

and 1984), who reported positive correlation between B and N of plant leaf. Lopez -Lefebre 

et al. (2002) reported that positive effects of B on N metabolism could be due to: 1) a 

positive influence on protein synthesis of enzymes, and 2) an indirect of B promoting the 

entrance of substrate through plasma membrane to the interior of the cells.  

 

Assimilation of P was appreciably enhanced with B supply. There was a positive 

and significant correlation between B and P in leaves, burs, seed, and lint (whereas, non-

significant correlation with P of stems), which indicated that B fertilizer improved P use 

efficiency in cotton plant (Table 4.15). Pollard et al. (1977), Lopez-Lefebre et al. (2002), 

and Chatterjee et al. (1990) observed the similar results and reported that supply of B 

fertilizer significantly increased P in different plant parts.  
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Table 4.31. Effect of boron fertilizer on zinc concentration (mg kg
-1

) in different plant parts at 

maturity 

Treatments 

Boron (kg ha
-1

) 

Cropping season 

2004 2005 

(a) Leaves (Zn mg kg
-1

) 

0.0 24.90 c 24.23 c 

1.0 25.58 bc 25.23 bc 

1.5 26.03 abc 25.50 bc 

2.0 26.42 abc 25.67 b 

2.5 27.10 ab 26.00 ab 

3.0 27.68 a 27.33 a 

Mean 26.29 25.66 

LSD (P≤0.05) 1.67 1.34 

(b) Stems (Zn mg kg
-1

) 

0.0 13.00 b 15.00 d 

1.0 15.00 ab 16.00 cd 

1.5 16.00 a 17.00 bc 

2.0 17.00 a 18.00 ab 

2.5 17.00 a 18.00 ab 

3.0 17.00 a 19.00 a 

Mean 15.83 17.17 

LSD (P≤0.05) 2.12 1.94 

(c) Burs (Zn mg kg
-1

) 

0.0 9.80 d 10.10 c 

1.0 10.70 c 11.90 b 

1.5 11.60 b 12.50 a 

2.0 12.50 a 12.80 a 

2.5 12.50 a 12.90 a 

3.0 12.50 a 13.0 a 

Mean 11.60 12.20 

LSD (P≤0.05) 0.77 0.53 

(d) Seed (Zn mg kg
-1

) 

0.0 29.00 a 27.00 c 

1.0 30.00 a 29.00 bc 

1.5 30.00 a 30.00 ab 

2.0 31.00 a 30.00 ab 

2.5 31.00 a 31.00 ab 

3.0 31.00 a 32.00 a 

Mean 30.33 29.83 

LSD (P≤0.05) 2.35 2.34 

(e) Lint (Zn mg kg
-1

) 

0.0 6.10 c 6.80 c 

1.0 6.30 c 7.10 c 

1.5 6.50 bc 7.50 b 

2.0 6.90 ab 7.90 a 

2.5 7.0 a 8.03 a 

3.0 7.10 a 8.10 a 

Mean 6.65 7.57 

LSD (P≤0.05) 0.47 0.39 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05. 
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Table 4.32. Relationships between boron and zinc concentrations in different parts of plant at 

maturity 

Variables Regression equation Correlation co-efficient (r) 

B conc. in leaves vs. Zn conc. in leaves Y=  17 + 0.265X 0.72* 

B conc. in stems vs Zn conc. in stems Y= 3.61 + 0.384X 0.63* 

B conc. in burs vs. Zn conc. in burs Y= 2.26 + 0.271X 0.70* 

B conc. in seed vs. Zn conc. in seed Y= 20.7 + 0.249X 0.53* 

B conc. in lint vs. Zn  conc. in lint Y= 4.17 + 0.112X 0.63* 

* significant at P<0.05 
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For instance, Lopez-Lefebre et al. (2002) reported 23 and 15% increase in P 

concentration in roots and leaves of tobacco (Nicotiana tabacum L.) with 20 µM boric acid 

in solution culture compared with control. A positive correlation between B and K contents of 

98 grasses at flowering stage was also observed by Tolgyesi and Kozma (1974). Application of 

B gradually increased K concentration in chickpea and wheat on sandy soil (Yadav and 

Manchanda, 1979). Data for B and K concentration were positively correlated for leaves, stems, 

burs, seed, and lint (Table 4.18). These results are in accord with those of Yadav and Manchanda 

(1979), Francois (1984) and Pal et al. (1989) for gram and wheat, tomato and berseem, 

respectively. 

 

Relationships between B and Ca contents were correlated negatively in 98 grasses at the 

flowering stage (Tolgyesi and Kozma, 1974). The decrease in Ca concentration with increasing 

B in lentil (Lenus culinaris Medic.) and barley was also reported by Singh and Singh (1983 and 

1984). Similarly, our results also show antagnostic relationship between B and Ca in different 

plant parts (Table 4.19). Miller and Smith (1977) also observed similar results and reported that 

Ca concentration decreased in upper and lower leaves and stems of alfalfa (Medicago sativa L.) 

with B levels. Muhling et al. (1998) and Sotiropoulos et al. (2002) also suggested antagonistic 

relationship between B and Ca for bean (Vicia faba) and kivi fruit (Actinidia deliciosa), 

respectively. Cramer et al. (1991) reported that there could be a competition between cations at 

uptake sites in barley plant. However, Lopez-Lefebre et al. (2002) and Kobayashi et al. 

(1999) reported the contradictory results. There was decrease in Mg concentration with B 

rates in different plant parts. A negative correlation between B and Mg in leaves, stems, burs, 

and seed was observed (Table 4.22). This might be due to competition between cations such as K 

and Mg at root level (Cramer et al., 1991; Lopez-Lefebre et al., 2002).  

 

There was a positive effect of B rates on B, Cu, Fe, and Zn in different plant parts; 

whereas Mn concentration decreased. These results are similar with those of El-Gharably and 

Bussler (1985), who reported that B concentration was 322%, 383% and 447% in roots, young 

and old leaves, respectively with 50 ppm B in solution culture. Zhao and Oosterhuis (2002) 

reported significant differences in B concentrations in leaf blades, stems, petioles and fruits of 

cotton plant with 2.2 kg B ha
-1

 at Arkansas Agriculture Research and Extension Center 
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(moderately well drained silt loam: Typic Fragiudult) and Delta Branch Agricultural Experiment 

Station, Clarkedale (silt loam: Typic Endoaqualfs). They further reported that among the four 

plant tissues (leaf blades, stems, petioles, and fruits), leaf blades had the highest and stems had 

the lowest B concentration with 2.2 kg B ha
-1

. Data reported herein show that B absorption order 

was: seed > burs > leaves > stems > lint. Similarly, in a field trial at Urbana-Champaign, 

Agronomy, South Farm in the University of Illinois, Miller and Smith (1977) reported that B 

concentration for alfalfa was 78 and 122 mg kg
-1

 in lower leaves and 62 and 86 mg kg
-1

 in upper 

leaves; whereas 21 and 21 mg kg
-1

 in lower stems and 23 and 28 mg kg
-1

 in upper stems with 

control and 12.5 kg B ha
-1

, respectively. Further, they concluded that leaves contained more B 

than stems and lower leaves had more B than that of upper ones. Similarly, El-Gharably and 

Bussler (1985) reported that there was 240%, 140% and 221% increase in Cu concentration for 

roots, young leaves and older leaves with 50 ppm B in a solution culture compared with control 

treatment. On an average (experimental years 2004 and 2005), there was 18.9% (leaves), 21.3% 

(stems), 21.5% (burs), 23.5% (seeds) and 43.7% (lint) increase in Cu with 3.0 kg B ha
-1

 

compared with control treatment. Under B deficient conditions, concentration of Cu decreased 

in tomato leaf (Carpena-Artes and Carpena-Ruiz, 1987). Alvarez-Tinaut (1990) found 

positive correlation between B and Fe and Cu contents of sunflower, suggested that B could 

indirectly affect catalase activity via Fe and Cu. However, Ohki (1975) reported that 

concentration of Cu remained unaffected in blades of cotton at lower and higher levels of B. 

Application of B at higher rates depressed the concentrations of Mn in crop (Leece, 

1978). Santra et al. (1989) reported antagonistic relationship between B and Mn in rice. 

Similarly, negative, but significant correlation between B and Mn concentration in leaves 

of sunflower was also reported by Gomez-Rodriguez et al. (1981). Data reported herein 

indicate an increase in Fe and Zn concentration in leaves, stems, burs, seed and lint with 

B rates. Patel and Golakiya (1986) reported that uptake of Fe was increased with B application 

in groundnut. Under B deficient conditions, Fe decreased in tomato leaves; whereas excess 

increased the Fe concentration (Carpena-Artes and Carpena- Ruiz, 1987). Zinc concentration in 

wheat shoots enhanced with foliar application of B (Shaaban et al., 2004). Zinc deficiency 

increased B accumulation (Graham et al., 1987); whereas its application diminished B 

accumulation and toxicity on plants grown in soils containing higher concentration of B 

(Moraghan and Mascagni, 1991; Swietlik, 1995). 
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4.2. Diagnostic criterion for critical level of boron in plant and soil 

4.2.1. Plant 

Data in Fig. 4.4 and 4.5 show concentration of B in mature and young leaves with B at 

30, 60 and 90 DAP. At 30 DAP, B was 45.0 and 38.0 mg B kg
-1

 in mature (older) and young 

leaves. It increased to 55.0 and 43.0 mg kg
-1

 in mature and young leaves at 60 DAP. With 

ontogeny, B content decreased gradually to 43.0 and 35.0 mg kg
-1

 in mature and young leaves at 

90 DAP. A plot of mature leaf B concentration versus percent relative seed cotton yield (Fig. 

4.4) revealed that B concentration for 95% of maximum yield was 46.0, 56.0 and 43.0 mg B kg
-1

 

at 30, 60 and 90 DAP. Similarly, plot for young leaves B concentration versus percent relative 

seed cotton yield ( Fig. 4.5) indicated that B concentration of 95% of maximum yield was 38.0, 

43.0, and 35.0 mg B kg
-1

 at 30, 60 and 90 DAP. It is increasingly obvious that no single B 

concentration can be used to predict B deficiency. Reports indicate that critical B values in plant 

will vary with environmental factors affecting B uptake such as soil, water, soil texture and soil 

reaction (Sims and Johnson, 1991; Nabi et al., 2006) and with species and cultivar. Plant species 

differ markedly in their ability to absorb B from the same soil (Gupta, 1979). Hu et al. (1996) 

reported that most of the variations in B concentration among species could be attributed to 

variation in cell wall composition, with species containing high pectin levels in cell wall having 

higher internal B concentrations. As B is taken up by roots is largely phloem-immobile, B 

concentrations in mature leaves are physiologically irrelevant to B plant status at the time of 

sampling, giving rise to a significant over or under estimation of B requirement for plant growth. 

In contrast, a growing immature leaf (in this case the youngest open leaf) was the most reliable 

plant part for B deficiency diagnosis (Huang et al., 1996). Nabi et al. (2006) observed similar 

results and reported 69.0 mg B ka
-1

 as a critical value for sweet pepper in three weeks old whole 

shoot. Nabi and colleagues further reported 49.0 mg B ka
-1

 in six week old whole shoots. This 

substantial reduction in plant tissue B requirement with increase in plant age could be attributed 

due to a dilution effect (Fageria, 2008).  

 

It is reported that vegetative growth is less sensitive to B deficiency than reproductive 

growth, especially flowering, fruit, seed set and seed cotton yield (de Oliveira et al., 2006). Dell 

and Huang (1997) reported that flower development often occurs in a very narrow time window; 

some reproductive structures have poor excess to the vascular system compared with vegetative  
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Figure 4.4. Relationship between boron concentration in mature leaves and relative seed cotton 

yield (%) as affected by different levels boron (kg ha
-1

). DAP: Days after planting 
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Figure 4.5. Relationship between boron concentration in youngest leaves and relative seed cotton 

yield (%) as affected by different levels of boron (kg ha
-1

). DAP: Days after planting 
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organs; and sexual reproduction involves a large number of specialized cell types, many of 

which have distinctive cell walls. Jiang et al. (1986) reported differential B concentration in the 

third main stem leaf at seedlings and squaring was 15 mg kg
-1

 and at flowering stages it was 20 

mg kg
-1

. Murphy and Lancaster (1971) and Hinkle and Brown (1968) recommended to fertilize 

cotton crop at leaf B concentration < 10 or 15 mg kg
-1

. Later on, El-Gharably and Bussler (1985) 

reported 103, 78 and 61 mg B kg
-1

 concentration in roots, stems and young leaves for cotton 

plant as diagnostic criteria for B deficiency. In a field trial, Zhao and Oosterhuis (2002) reported 

that B concentration in leaf tissues to quantify the B requirement of cotton varied appreciably 

with age and position of tissue sampling in the plant canopy.  

 

Data reported herein suggest that sampling of young leaf tissues would be the best criteria 

to diagnose and correct B deficiency. Any delay for diagnosing B deficiency with tissue 

sampling (especially mature/older leaves) would aggravate the nutritional disorder; once 

deficiency of B occurred, it could not be reverted; thus causes permanent damage to the plant 

(Rosolem and Costa, 2000). Being immobile in cotton plant, it is not possible for B movement 

from mature to young leaves. Huang et al. (1996) and Rosolem and Costa (2000) emphasized to 

sampling of the youngest leaf for appropriate diagnosing of B deficiency particularly for cotton 

plant. Data of the present studies support the hypothesis of Huang et al. (1996) and Rosolem and 

Costa (2000). Thus, sampling of youngest leaves would be more appropriate to diagnose and 

correct the B deficiency especially at earlier growth stages for successful cotton production. 

Boron concentration of 38, 43, and 35 mg kg
-1

 in youngest leaves could be critical diagnostic 

criteria for supplementing fertilizer dressing at 30 (squaring phase), 60 ( flowering phase), and 

90 (boll formation) days after planting. 

 

4.2.2. Soil 

A plot of B concentration in soil for experimental years 2004 and 2005 versus percent 

relative seed cotton yield (Fig. 4.6) revealed that B concentration in soil for 95% of maximum 

yield was 0.52 mg kg
-1

.
 
There are diverse reports in literature regarding soil B critical level. 

Murphy and Lancaster (1971) reported 0.1 to 0.16 mg kg
-1 

soil as a critical level of B for seed 

cotton yield. Sillanpaa (1982) proposed 0.3 to 0.5 mg B kg
-1 

soil as a critical level. Likewise, Sun 

and Xu (1986) proposed 0.55 mg B kg
-1 

soil as a critical level for seed cotton yield; whereas 
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Jiang et al. (1986) reported 0.4 to 0.5 mg B kg
-1

 critical level for cotton production on fine 

textured soil. Rafique et al. (2002) suggested 0.6 mg B kg
-1

 as a critical value for cotton 

growing area of Pakistan. It is difficult to establish a critical value for B in soils, which 

would be valid universally for different environments and for different soil types 

(Heitholt, 1994; Goldberg, 1997; Dordas, 2006a). Availability of soil B depends on SOM 

(Elrashidi and O‟Connor, 1982; Marzadori et al., 1991; Eguchi and Yamada, 1997; Rashid et al., 

1997), pH (Lehto, 1995); temperature (Fleming, 1980; Goldberg et al., 1993), native soil N 

level (Görmüs, 2005) soil moisture level (Scott et al., 1975; Mezuman and Keren, 1981), soil 

texture (Fleming, 1980; Goldberg, 1997) and CaCO3 (Ichikuni and Kikuchi, 1972; Elseewi and 

Elmalky, 1979). Therefore, it seems more appropriate to establish a site specific critical B 

values for sustainable seed cotton yield. 
 

 

4.3. Fertilizer boron requirement 

Boron fertilizer requirement for cotton plant, associated with near–maximum (95% of 

maximum) relative seed cotton yield was 1.1 kg B ha
-1

 (Fig. 4.7). For soils of Fluventic 

Haplocambids, Rashid and Rafique (2002) reported 1.0 kg B ha
-1

 for optimum seed cotton yield. 

Mortvedt and Woodruff (1993) reported 0.32 to 2.24 kg B ha
-1

 as the recommended fertilizer B 

rates for cotton in various areas of USA. Boron < 1.0 kg ha
-1

 was not included in the present 

studies due to high B fixation in alkaline calcareous soils. Shorrocks (1992) and Rashid and 

Rafique (2002) also reported more B fixation in alkaline calcareous soils. Thus, it could be 

concluded that application of 1.0 kg B ha
-1

 seems more appropriate for sustainable cotton crop 

production on alkaline calcareous soils of southern Punjab, Pakistan. 

 

4.4. Economic analysis for boron fertilizer 

Use of B fertilizer for seed cotton production proved highly cost effective. For example, 

application of I.0 kg B ha
-1

 brought the greatest value-cost ratio (VCR) of 12.3 compared with 

9.77 with 1.5 kg B ha
-1

. Similarly, agronomic efficiency of applied B was greatest at 1.0 kg B 

ha
−1

 (i.e. 191 kg seed cotton yield kg
-1

 B fertilizer). Agronomic efficiency reduced at higher 

fertilizer rates, thus cotton fertilization at greater B rates (>1.0 kg B ha
-1

) becomes less cost-

effective (Table 4.33). Many reports indicate substantial economic benefits of B fertilizer for 

cotton crop (Malik et al., 1992; Rashid, 1995; Rashid and Rafique, 2002). 
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Figure 4.6. Relationship between HCl-extractable boron and relative seed cotton yield. 

 

 

Figure 4.7. Relationship between boron application rate and relative seed cotton yield 
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4.33. Economics of boron fertilizer for cotton crop (average of two years) 

Treatments 

B (kg ha
-1

) 

Seed 

Cotton 

yield 

kg ha
-1 

Yield 

Increase 

over control 

kg ha
-1

 

Cost of 

B 

(US$) 

Value of 

Increased 

yield 

(US $) 

Net  

Return 

US$ 

ha-
1

 

value cost 

ratio 

Response/kg 

B applied 

0.0 6832 0 0 0 0 0 0 

1.0 6722 141 2622 36618 27652 166851 14161 

1.5 6218 662 4644 42621 32626 1 5463 17168 

2.0 6232 811 13.32 164658 112611 46251 17167 

2.5 6274 628 1267 11265 11164 26151 11466 

861 6272 621 1463 11261 4268 76451 4161 

Cost of seed cotton = US$. 0.43 kg
-1

 

Cost of B = US$ 6.66 kg
-1
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4.5. Residual and cumulative effect of boron in cotton-wheat cropping system 

4.5.1. Wheat 

Plant height responded positively and significantly (P≤0.05) to B rates in residual (RP) 

and cumulative plots (CP) for experimental years 2005-06 and 2006-07 (Fig. 4.8; Appendix 5). It 

varied from 90.1 to 98.0 cm and 89.4 to 98.7 cm in RP and CP with B from 0.0 to 3.0 kg B ha
-1

 

for 2005-06. However, maximum increase in plant height was 10.3% (99.4 cm) and 13.2% 

(101.2 cm) in RP and CP with 2.5 kg B ha
-1

 over control plot; whereas minimum plant height 

was 90.1 cm and 89.4 cm in control plots of RP and CP, for 2005-06. Similarly, plant height 

varied from 89.4 to 99.5 cm and 88.6 to 103 cm in RP and CP, with B treatments (0.0 to 3.0 kg B 

ha
-1

) for 2006-07. Maximum increase in plant height was 11.3% (99.5 cm) and 16.5% (103 cm) 

with 2.5 kg ha
-1

 compared with control plots; whereas minimum plant height was 89.4 cm and 

88.58 cm in control plots of RP and CP for 2006-07. 

 

It is known that plant height is generally controlled genetically, but for achieving its 

potential, balanced nutrition is required. Growth behavior of a crop could also affect the grain 

yield (Weiner and Fishman, 1994) and plant height plays an important role in light interception, 

and therefore, it may become a primary determinant of individual plants success in thick plant 

stands ensuring higher crop yields. Secondly, B application improved photosynthetic activity, 

chlorophyll content and metabolic activity within the wheat plants. Boron is also involved in the 

translocation of photosynthates especially glucose from leaves to other plant parts, which 

consequently increased plant height (Shelp, 1993). Increase in plant height (27%) over untreated 

control plot was recorded by Zhao and Oosterhuis (2003) in cotton with B application. Similarly, 

Khan et al. (2006) reported 4.6 and 6.9% increase in wheat plant height in residual plot with 1.0 

and 2.0 kg B ha
-1

 (applied to rice crop). Data reported herein also indicate that maximum 

increase in plant height was 10.3 and 13.2% compared with un-treated control with 2.5 kg B ha
-1

 

for wheat of 2005-06 in RP and CP. For experimental year 2006-07, it was 11.3 in RP and 16.5% 

in CP with 2.5 kg B ha
-1 

compared with control. 
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Figure 4.8. Residual and cumulative effect of boron fertilizer on plant height 
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Residual and cumulative use of B significantly (P≤0.05) affected number of tiller m
-2

 for 

experimental years 2005-06 and 2006-07 (Fig. 4.9; Appendix 5). There was 8.1% (333) increase 

in number of tillers m
-2

 in RP with 3.0 kg B ha
-1

 compared with control (308) for crop of 2005-

06. Maximum increase in number of tillers m
-2

 was 8.2% (335) in CP with 3.0 kg ha
-1

 over un-

treated (310) plots. Similar trend was also observed for number of tillers for 2006-07 in RP and 

CP. However, the maximum increase in number of tillers m
-2

 was 4.6% (318) with 3.0 kg B ha
- 1

 

in RP over control (304), which was statistically similar with 1.0, 1.5, 2.0 and 2.5 kg B ha
-1

. 

Similarly, number of tillers was increased by 10.3% (342) over control (310) in CP with 3.0 kg 

B ha
-1

, which was statistically at par with 1.5, 2.0 and 2.5 kg B ha
-1

. Khan et al. (2006) 

reported 4.6 and 5.4 % increase in number of tillers m
-2

 in residual plots of 1.0 and 2.0 kg B 

ha
-1

. They also reported 21.0 and 4.9% increase in number of tillers m
-2

 in wheat with 

cumulative application of 1.0 and 2.0 kg B ha
-1

 both for rice and wheat crops. 

 

Boron treatments significantly (P≤0.05) affected spike length in RP and CP for 

experimental years 2005-06 and 2006-07 (Fig.4.10; Appendix 5). It ranged from 9.9 to 10.7 cm 

in RP and 10.1 to 10.9 cm in CP with B from 0 to 2.5 kg B ha
-1

 for 2005-06. Maximum increase 

in spike length was 8.0% (10.7 cm) and 7.92% (10.9 cm) in RP and CP with 2.5 kg B ha
-1

 

compared with control plot, which was statistically at par with 1.0, 1.5, 2.0 and 2.5 kg B ha
-1

. 

However, minimum spike length was 9.9 cm in RP and 10.1 cm in CP of control plots for 

experimental year 2005-06. Similarly, it varied from 9.9 to 10.5 cm in RP and 10.1 to 10.9 cm in 

CP with B from 0 to 3.0 kg B ha
-1

 for wheat of 2006-07. There was 6.1% (10.5 cm) and 7.92% 

(10.9 cm) increase in spike length with 3.0 kg ha
-1

 compared with control plots, which was 

statistically similar with 1.0, 1.5, 2.0 and 2.5 kg B ha
-1

; whereas minimum spike length was 9.9 

cm and 10.1 cm in control plots of RP and CP, respectively for experimental year 2006-07. Khan 

et al. (2006) reported 2.1 and 5.2% increase in wheat spike length over control in residual 

plot of 1.0 and 2.0 kg B ha
-1

. Increase in spike length of wheat in RP and CP might be due to B 

involvement in cell elongation and division, cell wall biosynthesis, N-fixation, protein, amino 

acid and nitrate metabolism (Shelp, 1993; Blevins and Lukaszewski, 1998).  
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Figure 4.9. Residual and cumulative effect of boron fertilizer on number of tillers. 

 

 

Figure 4.10. Residual and cumulative effect of boron fertilizer on spike length 
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Grain weight is one of the important yield contributing parameters. Heavier the grains 

more will be the yield. Boron treatments significantly (P≤0.05) affected 1000-grain weight in RP 

and CP (Fig. 4.11; Appendix 5) for experimental years 2005-06 and 2006-07. There was more 

grain weight (36.4 g) in RP with 2.5 kg B ha
-1

; which was statistically at par with 1.5, 2.0 and 3.0 

kg B ha
-1

. Minimum grain weight was 34.1g in control treatment. In contrast, maximum grain 

weight (39.1 g) was in CP with 2.5 kg B ha
-1

; which was statistically similar with 2.0 and 3.0 kg 

B ha
-1

 for experimental year 2005-06. There was 4.4% decrease in 1000- grain weight in RP 

compared with CP for 2005-06. Similarly, maximum (4.4%) increase in 1000-grain weight (35.2 

g) was observed in RP with 2.5 kg B ha
-1

 compared with control plot (33.8 g), which was 

statistically similar with 1.0, 1.5, 2.0 and 3.0 kg B ha
-1

 for 2006-07. Likewise, maximum increase 

in grain weight was 13.3% (39.1 g) with 2.5 kg B ha
-1

 in CP over control (34.5 g), which was 

statistically at par with grain weight from 1.5, 2.0 and 3.0 kg B ha
-1

 for experimental year 2006-

07.There was 7.4% more 1000-grain weight in CP compared with RP for crop of 2006-07.  

These results are in accord with those of Gauch and Dugger (1954), Pilbeam and Kirkby 

(1983), who reported increase in grain weight with B fertilization. It is known that B has direct 

effect on flower development, pollen germination, fertilization and seed development and fruit 

abscission (Bould et al. 1984; Dell and Huang 1997; Brown et al. 2002; Dell et al. 2002). Mete et 

al. (2005) and Khan et al. (2006) also reported increase in 1000- grain weight with B application. 

It is evident from data reported herein that there was a progressive increase in grain weight 

with B up to 2.5 kg ha
-1

 both in RP and CP compared with control for experimental years 2005-

06 and 2006-07. 

 

Boron treatments significantly (P≤0.05) increased grain yield (GY) of wheat (2005-06) 

for residual (RP) and cumulative plots (CP). There were 4.0, 5.5, 6.9, 9.3, and 9.1% increase in 

GY with 1.0, 1.5, 2.0, 2.5 and 3.0 kg B ha
-1

, respectively for RP compared with control plot (Fig. 

4.12 and Appendix 5). Similarly, increase in GY for CP was 5.5, 7.0, 8.3, 11.2 and 10.9% with 

1.0, 1.5 2.0, 2.5 and 3.0 kg B ha
-1

, respectively over control treatment. Averaged across B 

treatments, GY was increased by 1.0% in CP compared with RP for experimental year 2005-06. 
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Figure 4.11. Residual and cumulative effect of boron fertilizer on1000-grain weight 
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Boron treatments also significantly (P≤0.05) affected GY in RP and CP for experimental 

year 2006-07. Maximum increase in GY was 9.3% (4205 kg ha
-1

) in RP with 3.0 kg B ha
-1

 

compared with control (3848 kg grain yield ha
-1

) during experimental year 2006-07, which was 

statistically at par with 2.0 (4094 kg ha
-1

) and 2.5 kg B ha
-1

 (4161 kg ha
-1

). Averaged across B 

treatments, GY was lowered by 2.3% in RP compared with CP during experimental year 2006-

07. Grain yield was increased by 11.8% (4294 kg grain yield ha
-1

) with 3.0 kg B ha
-1

 compared 

with control treatment (Fig. 4.12). However, this increase in GY was statistically similar with 

1.5, 2.0, and 2.5 kg B ha
-1

. Minimum GY was 3840 kg ha
-1

 in control treatment. Averaged across 

B treatments, there was 2.4% increase in GY in CP compared with RP for experimental year 

2006-2007. Overall, there was 0.85% reduction in GY in RP (2006-07) compared with RP of 

2005-06. Conversely, GY was increased by 0.57% in CP (2006-07) compared with CP of 2005-

06). 

 

There was also a significant (P≤0.05) effect of B treatments on wheat straw yield (SY) in 

RP and CP over control treatment for experimental year 2005-06 (Fig. 4.13 and Appendix 5). 

There was 4.3, 4.3, 7.8 and 11.5% increase in SY with 1.0, 1.5, 2.0 and 2.5 kg B ha
-1

 in RP 

(experimental year 2005-06) compared with control treatment; thereafter it decreased with 

further increase in B rate (i.e. 3.0 kg B ha
-1

), but still SY was higher than B at 2.0, 1.5 and 1.0 kg 

B ha
-1

. Similar trend for SY in CP with B rates was also observed for experimental year 2005-06. 

Maximum increase in SY was 12.4% (6927 kg straw yield ha
-1

) in CP with 2.5 kg B ha
-1

 over 

un-treated plot (6161 kg) for 2005-06. Straw yield was increased by 11.0% with 3.0 kg B ha
-1

 in 

RP compared with control plot for 2006-07. However, SY for RP at 3.0 kg B ha
-1

 was 

statistically at par with 2.5 and 2.0 kg B ha
-1

 for 2006-07. There was 13.9% increase in SY with 

3.0 kg B ha
-1

 in CP compared with control plot, which was statistically similar with B at 1.5, 2.0, 

and 2.5 kg ha
-1

 for experimental year 2006-07. Averaged across B treatments, SY was increased 

by 1.0% for CP compared with RP during 2005-06. Similarly, average across B treatments, SY 

was increased by 2.42% in CP over RP for wheat of 2006-07. Data reported herein indicate that 

SY was increased by 0.61% in CP during experimental year 2006-07 over 2005-06. In contrast, 

SY was decreased by 0.75% in RP for crop of 2006-07 compared with crop of 2005-06.  
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Figure 4.12. Residual and cumulative effect of boron fertilizer on wheat grain yield 

 

 

 

 

Figure 4.13. Residual and cumulative effect of boron fertilizer on straw yield 
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Soylu et al. (2004) and Jana et al. (2005) reported 11.0 and 9.0% increase in wheat grain 

yield, over control with B fertilizer. In a field trial, Khan et al. (2006) reported that residual 

application of 1.0 and 2.0 kg B ha
-1

 increased wheat grain yield by 19.9 and 13.0% compared 

with control plot. Khan and colleagues further reported 36.8 and 48.8% increase in paddy yield 

with residual effect of B at 1.0 and 2.0 kg ha
-1

 (which was applied for wheat crop). Halder et al. 

(2007) observed that grain yield of wheat increased with B application and maximum grain yield 

was recorded with 2.0 kg B ha
-1

. Rashid et al. (2006) observed the similar results and 

reported 21% increase in wheat grain yield in residual plot (1.0 kg B ha
-1

 applied to rice crop). 

They also reported that cumulative application of 1.0 kg B ha
-1

 to both rice and wheat crops 

produced the similar results. In many Asian countries such as China, India, Nepal, Pakistan and 

Thailand, wheat crop suffers from wheat sterility (due to B deficiency), which causes serious 

grain yield reduction. Tiwari (1996) reported that B deficiency in wheat depressed the growth of 

pollen and anther and resultantly poor grain setting and low grain yield. Wrobel et al. (2006) and 

Wrobel (2009) reported that application of B enhanced straw yield of wheat. The increase in 

biological yield could be due to intensification of photosynthetic activity, which produced 

supplementary chlorophyll within plants, which consequently enhanced the carbohydrates and 

other photosynthates (Huang et al., 2000).  

 

4.5.2. Cotton 

Boron treatments significantly (P≤0.05) affected seed cotton yield (SCY) for 

experimental year 2005 (see Table 4.10 and section 3.2.3.1). There was also a significant 

(P≤0.05) effect of B treatments on SCY and its components in RP and CP (Fig. 4.14 to 4.16; 

Appendix 6) for crop of 2006 after the harvest of wheat crop (2005-2006). Seed cotton yield was 

increased by 7.2, 8.6, 11.3, 11.1 and 9.9% with 1.0, 1.5, 2.0, 2.5, and 3.0 kg B ha
-1

, respectively 

in RP compared with control plot (Fig. 4.14). Similarly, increase in SCY for CP was 9.4, 11.2, 

15.0, 14.5 and 13.6% with 1.0, 1.5, 2.0, 2.5, and 3.0 kg B ha
-1

, respectively over control 

treatment. However, increase in SCY (11.3%; 2729 kg ha
-1

) in RP with 2.0 kg B ha
-1

 compared 

with control was statistically at par with SCY from 1.5, 2.5 and 3.0 kg B ha
-1

. In CP, maximum 

increase in SCY (15.0%; 2809 kg ha
-1

) with 2.0 kg B ha
-1

 was statistically similar with SCY 

from 1.5, 2.5 and 3.0 kg B ha
-1

. Averaged across B treatments, SCY was increased by 2.07% in 

CP (2703 kg ha
-1)

 compared with RP (2648 kg ha
-1

) for experimental year 2006. 
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Figure 4.14. Residual and cumulative effect of boron fertilizer on seed cotton yield 



 

130 

 

Number of bolls plant
-1

 and boll weight increased significantly (P≤0.05) with B 

treatments in RP and CP for cotton of 2006 (Fig. 4.15 and 4.16). Maximum increase in number 

of bolls plant
-1

 was 13.6% (25) with 1.5 kg B ha
-1 

over control plot (22) in RP;
 
which was 

statistically at par with 2.0, 2.5, and 3.0 kg B ha
-1

.  

 

In contrast, maximum increase in number of bolls plant
-1 

was 27.3 % (28) compared with 

control (22) in CP with 2.0 kg B ha
-1

; which was statistically at par with 1.5 kg B ha
-1

 for 2006. 

Overall, number of bolls plant
-1

 increased by 6.16% in CP compared with RP (Fig. 4.15). 

Maximum increase in boll weight was 9.25% (3.54 g) with 3.0 kg B ha
-1

 over control (3.24 g) in 

RP; which was statistically similar with boll weight from 2.0 and 2.5 kg B ha
-1

 for crop of 2006. 

Similarly, maximum increase in boll weight was 12.9% (3.68 g) with 3.0 kg B ha
-1

 compared 

with control plot (3.26 g), which was statistically at par with 1.5, 2.0 and 2.5 kg B ha
-1

 in CP for 

2006. Over all, increase in boll weight was 3.45% in CP compared with RP (Fig. 4.16). 

 

In general, SCY and its components increased significantly with B fertilizer. Initial soil B 

was lower than the critical level (<0.5 mg kg
-1

) (see Table 3.1), thus SCY and its components 

responded to applied B fertilizer. The HCl-extractable soil B status was (0.34, 0.5, 0.53, 0.58, 

0.64, 0.70 mg kg
-1

) in RP after the harvest of wheat (2005-06) with B at 1.0, 1.5, 2.0, 2.5 and 3.0 

kg ha
-1

, respectively (see Fig. 4.23) (applied once in cotton crop during experimental year 2005). 

Rashid (2005) classified HCl extractable soil B as < 0.5 mg kg
-1

 (deficient), 0.5-1.0 mg kg
-1

 

(marginal), and 1.0 mg kg
-1

 (sufficient) for interpretation of soil B test data. Data reported herein 

are in accord with those of Rashid et al. (2006), who reported 21.0% increase in grain yield of 

wheat in residual plots with 1.0 kg B ha
-1

 applied to rice. Residual effect of B on different crops 

has also been reported by Gupta (1984), Blevins et al. (1995), Yang et al. (2000), Slaton et al. 

(2004) and Khan et al. (2006). Residual portion of applied B fertilizer would be more 

economical than successive application of B fertilizer. However, care is needed that B toxicity 

might not be developed in the soil as the window between B deficiency and B toxicity is very 

narrow (Marschner, 1995).  
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Figure 4.15. Residual and cumulative effect of boron fertilizer on number of bolls plant
-1

. 

 

 

 

 

Figure 4.16. Residual and cumulative effect of boron fertilizer on boll weight 
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4.5.3. Boron concentration in plant tissues 

4.5.3.1. Wheat 

Boron treatments significantly (P≤ 0.05) affected B concentration in leaf tissues of wheat 

in RP and CP for experimental years 2005-06 and 2006-07 (Fig. 4.17 and Appendix 7). Boron 

concentration at booting stage ranged from 4.84 to 12.11 in RP plots and 4.89 to 13.23 mg kg
-1 

in 

Cp plots with 0.0 to 3.0 kg B ha
-1

 for 2005-06. Concentration of B in leaves for crop of RP and 

CP was statistically at par with 2.5 and 3.0 kg B ha
-1

. There was 10.5% more B in leaves in CP 

compared with RP for experimental year 2005-06. Likewise, concentration of B in wheat leaves 

at booting stage varied from 4.76 to 11.6 mg kg
-1

 in RP and 4.77 to 14.1 mg kg
-1

 in CP plots with 

0.0 to 3.0 kg B ha
-1

 for crop of 2006-07. Averaged across B treatments, leaves of RP absorbed 

19.4% lower B than that of CP for experimental year 2006-07. Over all, leaves in RP (2006-07) 

absorbed 6.6% less B concentration than that of RP of 2005-06; whereas there was 5.2% more B 

of leaves in CP for experimental year 2006-07 compared with B of leaves in CP for experimental 

year 2005-06. 

 

Boron treatments significantly (P≤0.05) affected B of straw in RP and CP for 

experimental years 2005-06 and 2006-07 (Fig. 4.18). Its concentration varied from 4.20 to 9.03 

mg kg
-1 

and 4.20 to 9.54 mg kg
-1

 with 0.0 to 3.0 kg B ha
-1

 in RP and CP, respectively for 

experimental year 2005-06. In both RP and CP, B concentration in straw was statistically at par 

with 2.5 and 3.0 kg B ha
-1

. There was 5.72% more B in straw of CP compared with B in straw of 

RP for 2005-06. For experimental year 2006-07, B concentration in straw ranged from 3.97 to 

8.74 mg kg
-1

 in RP and 3.95 to 9.73 mg kg
-1 

in CP with 0.0 to 3.0 kg B ha
-1

, respectively. 

However, average across B treatments, there was 14.4% more B in straw of CP than RP for 

experimental year 2006-07. Over all, there was 4.86% less B concentration in straw for RP of 

2006-07 compared with RP of 2005-06. In contrast, there was 3.11% more B concentration of 

straw in CP during 2006-07 compared with B of straw in CP for experimental years 2005-06. 

Boron treatments significantly (P≤0.05) increased B concentration of wheat grains in RP and CP 

for both years (2005-06 and 2006-07: Fig. 4.19). Its concentration in grains ranged from1.90 to 

2.32 mg kg
-1 

with zero to 3.0 kg B ha
-1

 in RP for experimental year 2005-06. Maximum increase 

in B concentration was 22.1% (2.32 mg kg
-1

) with 3.0 kg B ha
-1

 in RP compared with control  
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Figure. 4.17. Residual and cumulative effect of boron fertilizer on boron concentration in leaves. 

 

 

 

 

Figure 4.18. Residual and cumulative effect of boron fertilizer on boron concentration in straw 
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(1.90 mg kg
-1

). In CP, B in grains ranged from 1.91 to 2.47 mg kg
-1

 with zero to 3.0 kg B ha
-1

 for 

crop of 2005-06. There was an increase of 29.3% (2.47 mg kg
-1

) in B of grains with 3.0 kg B ha
-1

 

compared with control (1.91mg kg
-1

) in CP for experimental year (2005-06).  

 

Averaged across B treatments, wheat grains in CP absorbed 5.1% (2.27mg kg
-1

) more B 

compared with RP (2.16 mg kg
-1

) for crop of 2005-06. For experimental year 2006-07, 

concentration of B in wheat grains varied from 1.73 to 2.11 mg kg
-1

 with zero to 3.0 kg B ha
-1

 in 

RP for crop of 2006-07. Maximum increase in B concentration was 21.9% (2.11 mg kg
-1

) with 

3.0 kg B ha
-1 

in RP compared with control (1.73) for crop of 2006-07. Boron concentration of 

grains in CP ranged from 1.71 to 2.57 mg kg
-1

 with zero to 3.0 kg B ha
-1

 for crop of 2006-07. 

Maximum increase in B concentration was 50.3% in CP (2.57 mg kg
-1

) over control with 3.0 kg 

B ha
-1

 for experimental year 2006-07. Overall, average across B treatments, grains in RP of 

2006-07 (2.0 mg B kg
-1

) absorbed 7.4% less B than that of RP (2.16 mg B kg
-1

) of 2005-06. In 

contrast, there was 2.2% more B in grains from CP (2.32 mg B kg
-1

) during 2006-07 compared 

with B of grains for 2005-06. These results are in agreement with those of Furlani et al. (2003), 

who reported that B concentrations in plant parts increased linearly with B application in nutrient 

solution for all wheat cultivars. Johnson et al. (2005) also reported that soil applied B increased B 

content of grains of lentil and chickpea. In a field trial, Khan et al. (2006) observed that 

residual and cumulative use of B fertilizer significantly increased B concentration in wheat 

leaves compared with control. Rashid et al. (2002) reported that B concentration increased 

progressively with increasing B rates (0, 1, 2, 4 and 16 kg ha
-1

): from 4.2 to 27.0 mg kg
-1

 in 

flag leaves; 3.2 to12.1 mg kg
-1 

in straw; 1.4 to 2.7 mg kg
-1

 in grains. Rashid and colleagues 

established 4.0 to 6.0 mg kg
-1

 in young shoot at tillering; 5.0 to 7.0 mg kg
-1

 in flag leaves; 2.0 mg 

kg
-1

 in grains as critical B concentration for wheat crop. It is evident from the data reported 

herein that one time application of 1.5 kg B ha
-1

 maintained B concentration in leaves (8.75-11.6 

mg kg
-1

), straw (6.42-8.74 mg kg
-1

) and grains (2.07-2.11 mg kg
-1

) above the critical level even 

after the harvest of three crops (i.e. wheat 2005-06, cotton 2006 and wheat 2006-07). Boron 

concentration in plant could be related to B extraction power of roots from soil and thus, 

adequate level of B causes an overall increase in crops yield. Thus, there is a direct relationship 

between B present in soil solution and plant growth, which is depicted by the concentration 

present in different plant parts.  
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Figure 4.19. Residual and cumulative effect of boron fertilizer on boron concentration in grains 

 

 

 

Figure 4.20. Residual and cumulative effect of boron fertilizer on boron concentration in cotton 
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The accumulation of B in different plant parts was in order of leaves > straw > grain. 

Similar results regarding effect of soil applied B on B concentration in different plant parts were 

reported by Kausar et al. (1988) and Rashid et al. (2002). 

 

4.5.3.2. Cotton 

Boron treatments significantly (P≤ 0.05) increased B concentration in leaves at flowering 

stage for both experimental years 2005 and 2006 in RP and CP (Fig. 4.20 and Appendix 8). For 

crop of 2005, B concentration varied from 46.0 to 67.0 mg kg
-1

. Maximum concentration of B in 

leaves was 67.0 mg kg
-1

 with 3.0 kg B ha
-1

 for crop 2005. However, cotton crop of 2006 had 

differential concentration of B in leaves for RP and CP under various doses of B fertilizer. There 

was 72.0 mg kg
-1

 B in CP plots with 3.0 kg B ha
-1

; whereas lowest 43.0 mg kg
-1

 was observed in 

un-treated plots. Averaged across B treatments, RP had 10.9% lower B than that crop of 2005 

(which was treated with different B rates). Similarly, cotton crops of 2006 in CP absorbed 16.6% 

more B than that RP. Low tissue B concentration in RP resulted due to reduced B content in the 

soil and its uptake by the crop of 2006. In contrast, there was 16.6% more B in leaves from CP 

(61.8 mg kg
-1

) compared with RP (53 mg kg
-1

) for experimental year 2006. Results are in accord 

with those of Rafique et al. (2002), who reported that B concentration in cotton leaves was 

between 27.0 to 71.1 mg kg
-1

 during nutrient indexing of B in cotton in six administrative 

districts of Pakistan (Cotton belt of Pakistan i.e. Lodhran, Khanewal, Multan, Vehari, 

Bahawalpur and Nawab Shah). Rashid and Rafique (2002) suggested 53.0 mg B kg 
-1 

as critical 

level for cotton plant. Data reported herein also show that once application of 2.5 kg B ha
-1 

(during experimental year 2005) was sufficient to fulfill the requirement for two wheat crops 

(2005-06 and 2006-07) and cotton (2006) as B in soil was above critical level (B > 0.5 mg kg
-1

 

soil (see Fig. 4.23 and Appendix 11). 

 

4.5.4. Boron uptake 

Boron treatments significantly (P≤0.05) affected B uptake by wheat and cotton crops in 

residual (RP) and cumulative (CP) plots (Fig. 4.21 and Appendix 9). Maximum B uptake by 

wheat was 71.5 during 2005-06 and 67.1 g ha
-1

 during 2006-2007 with B at 3.0 kg ha
-1 

in RP. 

Minimum B uptake by wheat was 33.5 g ha
-1

 for the year 2005-2006 and 33.1 g ha
-1

 for the year 

2006-2007 in control plots of RP.  
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Figure 4.21. Residual and cumulative effect of boron fertilizer on boron uptake in wheat crop. 

 

 

 

Figure 4.22. Residual and cumulative effect of boron fertilizer on boron uptake in cotton crop 
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Averaged across B treatments, there was 6.1 and 15.6% higher B in CP compared with 

RP for wheat of 2005-06 and 2006-07, respectively. Overall, average across B treatments, wheat 

of 2005-06 had up taken 6.9% (55.4 mg kg
-1

) more B compared with B in RP for 2006-07 (51.8 

mg kg
-1

) (Fig. 4.21).  

 

Uptake of B by cotton varied from 180 to 235 g ha
-1

 in RP and 183 to 275 g ha
-1 

in CP for 

experimental year 2006 (Fig. 4.22 and Appendix 10). Averaged across B treatments, there was 

16.6% more B up taken in CP compared with RP. These results are in accord with those of Niaz 

(2010), who reported that total uptake of B by wheat crop ranged from 33.0 to 63.0 g ha
-1 

with 

zero to 3.0 kg B ha
-1

. He further reported that at higher levels (>1.0 kg B ha
-1

), uptake of B was 

decreased. Shorrocks (1997) reported that cotton, leucerne and sugar beets (Beta vulgaris L.) 

uptake larger quantity of B from soil (≥ 300 g ha
-1

). Similarly, Constable et al. (1988) reported 

that cotton absorbed 200 g B ha
-1 

from high pH (>7.0) cracking clayey soils of Australia. In 

another field study, Rochester (2007) reported that cotton plant accumulated 340 g B ha
-1

 at 

initial to delayed boll formation stages. Results of the present studies showed that cotton 

absorbed 179 to 235 g B ha
-1

 and 183 to 275 g B ha
-1

 with zero, 1.0, 1.5, 2.0, 2.5 and 3.0 kg B ha
-

1 
in residual and cumulative plots. 

 

4.5.5. Boron in soil 

Soil applied B significantly (P≤0.05) affected available soil B after harvesting of cotton 

and wheat crops (Fig. 4.23 and 4.24; Appendix 11). After harvest of cotton crop of 2005, B 

content in soil was 0.36, 0.52, 0.58, 0.69, 0.75 and 0.82 mg kg
-1

 with zero, 1.0, 1.5, 2.0, 2.5 and 

3.0 kg B ha
-1

, respectively. Addition of 3.0 kg B ha
-1

 raised up soil B by about 2-fold (0.82 mg B 

kg
-1

) over the initial soil B (i.e. 0.43 mg B kg
-1

: before application of B treatments). It is 

interesting to note that B content reduced to 0.36 mg B kg
-1

 from 0.43 mg B kg
-1

 in control plot. 

There was a gradual reduction in B content in soil in RP after harvesting of three successive 

crops [i.e. two wheat (2005-06 and 2006-07) and cotton (2006) crops]. After the termination of 

last wheat crop (2007-07), available B in soil was even more than that of soil critical B (i.e. <0.5 

mg kg
-1

) with B at 2.5 and 3.0 kg B ha
-1

.  
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Figure 4.23.  Residual effect of boron fertilizer on HCl-extractable soil boron  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.24. Cumulative effect of boron fertilizer on HCl-extractable  
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Averaged across B treatments, B in soil was 0.55 mg kg
-1

 after the harvest of wheat 

(2005-06) in RP, while this level was 0.62 mg kg
-1

 after the harvest of cotton (2005). Overall, 

11.3% decrease in soil B was observed after harvest of wheat (2005-06) in RP. Averaged across 

B treatments, in RP after harvesting of cotton crop of 2006, B content in soil was 0.50 mg kg
-1

. 

There was 19.3% decrease in soil B after cotton crop of 2006. Overall, average across B 

treatments after harvesting of wheat crop of 2006-07, B content in soil was 0.45 mg kg
-1

. In RP, 

soil B was decreased up to 27.4% after the harvesting of wheat 2006-07. In contrast to B in RP, 

there was a significant improvement in B of soil with B treatments for CP. Boron in soil 

increased linearly with increasing levels of B fertilizer for wheat of 2005-06 and 2006-07 and 

cotton (2006) crops (Fig. 4.24 and Appedix 11). Boron in soil increased by 23.1, 25.9, 13.0, 9.33 

and 4.9% with B application at 1.0, 1.5, 2.0, 2.5 and 3.0 kg ha
-1

, respectively in CP after harvest 

of wheat (2005-06) compared with cotton of 2005 (Fig. 4.23 and Appendix 11).  

 

After harvest of cotton 2006, it increased by 30.8, 32.8, 18.8, 16.0 and 12.2% with B at 

1.0, 1.5, 2.0, 2.5 and 3.0 kg ha
-1

, respectively compared with cotton of 2005 crop. Similarly, after 

the harvest of last wheat crop (2006-07), it increased by 40.4, 37.9, 27.5, 25.3, and 19.5% with 

soil applied B at 1.0, 1.5, 2.0, 2.5 and 3.0 kg ha
-1

, respectively compared with cotton of 2005 in 

CP. Data reported herein indicate that B content in soil for CP were above the soil critical B level 

even after the harvest of wheat and cotton crops. Soil analysis before the application of B 

fertilizer indicated that soil was deficient in B content according to the criteria suggested by 

Rashid (2005).  

 

Availability of B in soil and subsequently higher absorption by the plants resulted in 

increased B concentration in different parts of cotton and wheat crops. The increased 

translocation of photo-assimilates from source to sink in the presence of activation of other 

cations and anions accrued in enhancing the yield of cotton and wheat. Rashid et al. (1997) 

reported that significant amount of applied B becomes un-available to crops due to 

calcareousness and high pH of soils of Pakistan. Thus, successive application of B fertilizer 

would not be more economical rather it would be costly. These results are in accord with those of 

Li et al. (1978) and Rerkasem and Loneragan (1994), who reported that addition of B fertilizer in 

soil significantly increased yield of crops.  
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4.6. Boron toxicity 

Maintaining adequate level of nutrients including B is essential for the normal growth of 

plants. However, B usually causes toxicity when it is applied in level more than needed for normal 

growth. Its toxicity is more common in arid and semi-arid regions. Symptoms of B toxicity 

appeared as yellowing on leaf margins and in patches between leaf veins. Boron toxicity symptoms 

started in 15 days older leaves in soil treated with 5.0 mg B kg
-1

 (Plate 1). Symptoms were severe 

at higher levels ranging from 5.0 to 25.0 mg kg
-1

. The chlorotic areas became faded brown, which 

eventually turned into necrotic. The necrosis progressed from leaf tips and margins towards the 

midrib and at the base of leaf. The leaves showed scorched appearance and at last entire leaf died  

prematurely and fell down (Plate 1). Bennet (1993) and Bergmann (1992) reported similar B 

toxicity symptoms for cotton and other crops.   

 

Data on main stem height, number of nodes on main stem and internodal length differed 

significantly (P≤0.05) with B fertilization (Table 4.34). The main stem height increased from 

36.0 to 46.1 cm with B from 0 to 2.0 mg B kg
-1 

soil; thereafter it decreased with further increase 

in B levels. Number of nodes plant
-1

 and inter nodal length were also increased with B up to 2.0 

mg kg
-1

; therafter decreased with further increase in B fertilizer. There was 12.4% increase in inter 

nodal length with 2.0 mg B kg
-1

 soil compared with control treatments. These results are in accord 

with those of Gupta (1983), who reported that high B significantly reduced growth in several 

crops. Significant (P≤0.05) reduction in plant height, node number and dry matter yield of cotton 

in response to increasing B could be due to adverse effects of B on plant metabolic activities. 

Under conditions of excess B supply, its concentration in the cytosol may rise and cause 

metabolic disturbances by formation of complexes with NAD
+ 

(Nicotinamide adenine 

dinucleotide) of the ribonucleotide units that form a key part of the RNA (Ribonucleic acid) 

structure (Loomis and Durst, 1992). The adverse effects of B on plant metabolic activities are 

more probably related to chlorosis and necrosis, loss of photosynthetic capacity, and eventually 

reduction in plant productivity. Lovatt and Bates (1984) reported that B accumulated in the roots 

of summer squash when excess B was applied. The accumulation of B subsequently inhibited the 

elongation and lateral root development of squash plants.  
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Plate 1. Boron toxicity symptoms with boron levels in cotton leaves 
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Table 4.34. Effect of boron fertilizer on plant structure  

Treatments. 

B (mg kg
-1

) 

Main stem height 

(cm) 

No. of nodes plant
-1 

Internodal length 

(cm) 

0.0 36.00 d 15.30 b 2.41 cd 

0.5 38.70 c 16.00 ab 2.43 bcd 

1.0 43.30 b 17.00 a 2.56 b 

2.0 46.10 a 17.00 a 2.71 a 

3.0 43.10 b 17.00 a 2.54 bc 

5.0 37.00 d 16.00 ab 2.40 d 

10.0 31.40 e 15.00 bc 2.10 e 

15.0 28.60 f  15.00 bc 1.90 f 

20.0 23.30 g 14.00 c 1.67 g 

25.0 16.30 h 11.00 d 1.49 h 

Mean 34.38 15.33 2.22 

LSD (P≤0.05) 1.29 1.19 0.14 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05. 
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Boron fertilization up to 2.0 mg kg
-1 

soil increased the root and shoot dry weight 

significantly (P≤0.05); whereas further increase in B level caused gradual decrease (Table 4.35). 

About 90% of maximum relative dry matter yield was observed at 5.0 mg B kg
-1

 soil (Fig. 4.25). 

Ulrich and Hills (1990) reported that the critical level of a nutrient was the concentration 

occurring in a specific plant part at 90% of the maximum yield. Data reported herein show that 

5.0 mg B kg
-1

 soil is the toxic critical level for B in cotton plant. Any further increase in B 

beyond 5.0 mg kg
-1

 soil will greatly reduced the yield. In the present studies, necrotic areas 

developed on leaves between veins and loss of leaves due to toxicity. It inhibited photosynthetic 

process and exerted a negative impact on cotton growth. Reduction in dry matter yield has been 

also reported by Cartwright et al. (1984) and Alpaslan and Gunes (2001).  

 

Root dry weight was significantly (P≤0.05) decreased by 36.5 to 48.7% with 20 to 25 mg 

B kg
-1

 soil. This might be due to the accumulation of B in roots that resulted in reduced 

elongation and lateral root development (Lovatt and Bates, 1984). The analysis of root showed 

high B concentration (65.0 mg kg
-1

) in root dry matter (Table 4.36). Boron distribution in various 

plant parts showed significant variation with increasing B levels (Table 4.36). Boron was 

assimilated in the order of: leaf > shoot > root. On an average, roots shoot and leaves had 36.0, 

57.0 and 247.0 mg B kg
-1 

dry matter, respectively. Boron concentration was 198.0 mg kg
-1

 in 

leaves at 5.0 mg B kg
-1

 soil (leve of B where toxicity symptoms appeared) (Fig. 4.25). This 

critical level is also associated with 90% of the maximum relative dry matter yield. This value 

lies in the intermediate range for B toxicity in cotton as described by Bradford (1966). Results of 

the present study are in contrast with those of Sakal and Singh (1995), who reported that > 522 

mg B kg
-1

 dry matter concentration for toxicity in cotton plant. Lower concentration of B in root 

compared with leaves is also reported by Oertli and Roth (1969) and Nable (1988). Movement of 

B within the root and shoot is passive and absorbed B in root moves with transpiration stream 

into the shoot (Kochian, 1991). The roots serve as a source of nutrients from where the nutrients 

are translocated to different growing parts of the plant. As a result comparatively higher B 

concentration was found in aerial parts of the plant. A variable response of N, P, K, Ca, Mg, Zn, 

Cu, Mn and Fe concentration was observed with increasing B levels (Table 4.37). For example, 

N concentration was increased by 5.6% in leaves with 2.0 mg B kg
-1 

soil over control; thereafter 

it started decreasing (Table 4.37).  
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Table 4.35. Effect of boron fertilizer on dry matter production and relative dry matter yield 

Treatments. 

B (mg kg
-1

) 

Shoot dry wt. 

(g pot
-1

) 

Root dry wt. 

(g pot
-1

) 

Total dry matter 

(g pot
-1

) 

Relative dry matter 

yield (%) 

0.0 20.60 cd 4.10 cd 24.70 cd 84.70 

0.5 21.50 bcd 4.30 bc 25.80 bc 88.49 

1.0 22.30 abc 4.30 bc 26.60 b 91.20 

2.0 24.40 a 4.70 a 29.10 a 100.0 

3.0 23.00 ab 4.60 ab 27.60 ab 94.60 

5.0 21.90 bc 4.40 abc 26.30 bc 90.20 

10.0 19.50 d 3.90 d 23.40 d 80.26 

15.0 16.10 e 3.40 e 19.50 e 66.88 

20.0 12.30 f 2.60 f 14.90 f 51.0 

25.0 11.60 f 2.10 g 13.70 f 47.0 

Mean 19.32 3.84 23.16 - 

LSD (P ≤ 0.05) 2.21 0.34 1.79 - 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 

 

 

 

Figure 4.25. Relationship between boron levels and relative dry matter yield 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

0.0 0.5 1.0 2.0 3.0 5.0 10.0 15.0 20.0 25.0 

R
e
la

ti
v

e 
Y

ie
ld

 (
%

) 

Boron Levels (mg kg-1) 

Toxic critical  level 



 

146 

 

Table 4.36. Effect boron fertilizer on boron concentration (mg kg
-1

) in different plant parts  

Treatments 

B (mg kg
-1

) 
Leaves Shoot Roots 

0.0 39.00 j 21.00 j 12.00 j 

0.5 51.00 i 29.00 i 16.00 i 

1.0 65.00 h 33.00 h 21.00 h 

2.0 93.00 g 39.00 g 26.00 g 

3.0 108.00 f 47.00 f 30.00 f 

5.0 198.00 e 60.00 e 37.00 e 

10.0 269.00 d 69.00 d 43.30 d 

15.0 374.00 c 78.70 c 48.00 c 

20.0 547.00 b 88.70 b 57.00 b 

25.0 721.00 a 101.00 a 65.00 a 

Mean 246.50 56.64 35.53 

LSD (P ≤ 0.05) 2.84 2.87 3.09 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 

 

Table 4.37. Effect boron fertilizer on nutrient concentration in leaves 

Treatments 

B (mg kg
-1

) 

N  P K  Ca Mg Zn  Fe  Mn  Cu  

(%) (mg kg
-1

) 

0.0 4.12c 2.26g 0.21f 2.63a 0.61a 40.0e 229.50d 23.30ef 6.50i 

0.5 4.15c 2.31f 0.27e 2.51b 0.61a 46.0bc 231.40d 26.90d 6.80h 

1.0 4.26b 2.39e 0.31e 2.41bc 0.57ab 51.0a 240.00c 29.30c 7.10g 

2.0 4.35a 2.43e 0.37d 2.33c 0.51bc 54.0a 245.00b 32.0ab 7.40f 

3.0 4.34a 2.48d 0.40cd 2.19d 0.45cd 54.3a 242.00bc 33.0a 7.40f 

5.0 4.30ab 2.53c 0.42c 2.12d 0.41d 50.0ab 330.00a 30.0bc 7.60e 

10.0 4.10c 2.56c 0.47b 2.06de 0.41d 41.0ed 218.00e 29.40c 7.80d 

15.0 3.91d 2.71b 0.48b 2.0e 0.34e 43.0cd 200.00f 25.3ed 8.30c 

20.0 3.83d 2.74b 0.51ab 1.85f 0.28ef 38.0e 193.00g 22.40f 8.90b 

25.0 3.69e 2.85a 0.55a 1.81f 0.26f 32.0f 182.00h 19.70g 10.10a 

Mean 4.11 2.53 0.40 2.19 0.45 44.93 231.10 27.13 7.79 

LSD(P≤0.05) 0.079 0.046 0.046 0.10 0.065 4.82 4.74 2.07 0.11 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Mozafar (1989) also reported the similar trend for N concentration with B fertilizer in 

maize in a solution culture study. Phosphorous and K concentration in leaves increased 

significantly (P≤0.05) with B levels. Lowest concentration (0.21%) of P in leaves was observed 

in the control treatment; whereas maximum (0.55%) was at 25.0 mg B kg
-1

 soil. Potassium was 

increased by 26% in leaves with 25.0 mg B kg
-1

 compared with control treatment. Lopez-Lefebre 

et al. (2002) reported an increase in P and K concentration with B fertilizer for tobacco. Boron 

treatments significantly affected Ca and Mg concentration in leaves (Table 4.37). There was a 

significant decrease in Ca concentration with B levels. For example, decrease in Ca was 31.2% 

with 25.0 mg B kg
-1

 soil compared with control treatment. Similarly, Mg concentration in leaves 

also decreased with B levels. Maximum Mg in leaves was 0.61% in control; whereas minimum 

was 0.26% with 25.0 mg B kg
-1 

soil. Thus, its concentration was decreased by 57.0% with 25.0 

mg B kg
-1

 compared with control treatment. Cramer et al. (1991) reported that decrease in Ca 

and Mg and increase in K concentration could be due to competition between these elements at 

root surface in barley crop. These results are in accord with those of Bowen (1981), who reported 

decrease in Ca and Mg concentration in sugarcane with B fertilizer. 

 

There was an increase in Zn, Mn and Fe concentration with B fertilizer up to 3.0 mg B 

kg
-1

;thereafter decreased with further increase in B levels. In contrast, concentration of Cu 

increased with B levels (Table 4.36). Zinc, Mn and Fe were decreased by 20.0, 21.0 and 15.0%, 

respectively with B at 25.0 mg B kg
-1

 compared with control. Decrease in Mn concentration in 

Kiwi fruit leaves with increasing B levels was reported by Sotiropoulos et al. (2002). These 

results are in agreement with those of Gopal (1975) and El-Gharably and Bussler (1985), who 

reported decrease in Zn, Fe and Mn and increase in Cu concentration in ground nut and cotton 

crops. 

 

4.7. Response of cotton crop to zinc fertilizer 

4.7.1. Biomass production 

Data in Fig 4.26 indicate that dry matter yield (DMY) affected significantly (P≤ 0.05) 

with Zn rates for both experimental years. At given rates of Zn, DMY was higher during 2005 

compared with 2004. Dry matter yield increased with Zn up to 7.5 kg ha
-1

; thereafter increase in 

DMY was statistically at par with 10.0 and 12.5 kg Zn ha
-1

 for both experimental years. 
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Averaged across Zn treatments, there was 7.4, 11.5, 13.4 and 14.1 %; 6.7, 10.3, 11.9 and 12.5% 

increase in DMY with Zn at 5.0, 7.5, 10.0 and 12.5 kg Zn ha
-1

 respectively compared with 

control for experimental years 2004 and 2005.  

 

4.7.2. Reproductive-vegetative ratio 

Zinc treatments significantly (P≤0.05) affected vegetative dry weight (VDW) for both 

experimental years (Table 4.38). There was 2.6 and 0.9% increase in VDW with 5.0 and 7.5 kg 

Zn ha
-1 

compared with control treatment; thereafter it decreased with further increase in Zn rates 

for 2004. For instance, VDW decreased by 0.3 and 8.4% with 10.0 and 12.5 kg Zn ha
-1

 compared 

with control. For experimental year 2005, the VDW increased by 0.8% with 5.0 kg Zn ha
-1

 over 

control; thereafter it decreased by 2.7, 6.3 and 13.0% with 7.5, 10.0 and 12.5 kg Zn ha
-1

, 

respectively. Zinc treatments significantly affected reproductive dry weight (RDW) for both 

experimental years (Table 4.38). The RDW increased by 18.6, 21.2, 26.0 and 34.7% with 5.0, 

7.5, 10.0 and 12.5 kg Zn ha
-1

 compared with control for crop of 2004. Similarly, it increased by 

12.0, 22.5, 28.8 and 36.0% with 5.0, 7.5, 10.0 and 12.5 kg Zn ha
-1

 compared with control 

treatment for experimental year 2005. Averaged across Zn treatments, there was 2.5% more 

RDW for crop of 2005 compared with crop of 2004. There was also a significant effect of Zn 

treatments on reproductive vegetative ratio (RVR) (Table 4.38). The increase in RVR was 9.4, 

20.7, 27.3 and 48.1% with 5.0, 7.5, 10.0 and 12.5 kg Zn ha
-1

 over control for experimental year 

2004. Reproductive vegetative ratio also increased for the crop of 2005. For instance, RVR 

increased by 11.1, 25.9, 37.9 and 56.5% over control treatment for experimental year 2005.  

 

Increase in biomass production could be due to involvement of Zn in cell division, 

protein synthesis and regulating gene expression (Coleman, 1992; Vallee and Falchuk, 1993). 

Webb and Loneragan (1990) reported a positive correlation between leaf Zn concentration and 

biomass production for wheat. Similarly, Li et al. (1991) reported that Zn application enhanced 

nutrient (N, P and K) uptake, utilization and metabolism, and biomass production in cotton crop. 

Data reported herein show that dry matter partitioning between vegetative and reproductive parts 

was significantly (P≤0.05) influenced with Zn application.  
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Figure. 4.26. Effect of zinc fertilizer on dry matter yield. Verticle vars denote standard error 
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Table 4.38. Effect of zinc fertilizer on reproductive vegetative ratio at maturity  

Treatments  

Zn (kg ha
-1

) 

Cropping season 

2004 2005 

(a) Vegetative dry weights (g m
-2

) 

0.0 333.00 a 336.75 a 

5.0 341.75 a 339.50 a 

7.5 336.00 a 327.50 ab 

10.0 332.00 a 315.25 b 

12.5 305.50 b 293.00 c 

Mean 329.65 322.40 

LSD (P≤0.05) 16.98 15.30 

(b) Reproductive dry weights (g m
-2

) 

0.0 354.00 d 363.80 e 

5.0 420.00 c 407.50 d 

7.5 429.00 bc 445.50 c 

10.0 446.00 b 468.75 b 

12.5 477.75 a 495.0 a 

Mean 425.35 436.11 

LSD (P≤0.05) 18.40 21.78 

(c) Reproductive-vegetative ratio (RVR) 

0.0 1.06 d 1.08 e  

5.0 1.16 c 1.20 d 

7.5 1.28 b 1.36 c 

10.0 1.35 b 1.49 b 

12.5 1.57 a 1.69 a 

Mean 1.28 1.36 

LSD (P≤0.05) 0.07 0.05 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Addition of Zn fertilizer triggered greater biomass allocation towards reproductive parts. 

Zinc at 12.5 kg Zn ha
-1

 resulted in increased allocation of reproductive (fruits, flowers and 

squares), thus increased reproductive efficiency of the crop. Makhdum et al. (2004) reported that 

addition of Zn fertilizer at 14.0 kg ha
-1 

in Miani soil series (Calcaric Cambisols) made an earlier 

transition from vegetative to reproductive phases for cotton crop. These results are in accord with 

those of Wells and Meredith (1984) and Jones et al. (1996), who reported that greater amount of 

photosynthates could be retranslocated from vegetative to reproductive parts for enhancing 

fruiting efficiency of cotton crop. 

 

4.7.3. Morphological characteristics 

Zinc treatments significantly (P≤0.05) affected morphological characteristics of cotton. 

Although cotton plants attained slightly more height during experimental year 2005, the main 

stem height increased with increasing Zn rates during both years (Table 4.39). Maximum 

increase in plant height was 16.0% compared with control treatment during 2004 and 21.3% 

during 2005. More rainfall during the early crop season of 2005 (Appendix.2) may have induced 

better plant vigor and growth. Increased number of main stem nodes (P≤0.05) as well as 

increased internodal length was also observed with Zn fertilization (Table 4.39). A greater 

number of nodes are associated with greater number of sympodia, greater foliage and larger plant 

structure. 

 

Cakmak et al. (1989) observed a drastic reduction (up to 50%) in indole acetic acid (IAA) 

in Zn deficient shoot tips and young leaves of bean plants compared with Zn sufficient plants. 

Thus, retarded stem elongation and shortening of internodes in a Zn deficient situation could be 

attributed to a decrease in IAA levels in plant tissue (Marschner, 1995). With Zn deficiency, 

shoot growth is inhibited and symptoms of chlorosis may appear on the leaves, because of 

inhibition of ribonucleic acid (RNA) synthesis (Marschner, 1995). Native DTPA [soil Zn levels 

in the experimental field (i.e. 0.54 mg kg
-1

 during 2004 and 0.41 mg kg
-1

 during 2005)] are 

categorized as deficient for most of the field crops (Alloway, 2008). Zinc application in deficient 

situations is known to significantly improve growth (Kashyap et al., 1997) and height of cotton 

plants (Li et al., 1991). 
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Table 4.39. Effect of zinc fertilizer on plant structure 

Treatments 

Zn (kg ha
-1

) 

Main stem height (cm) Nodes on main stem Inter-nodal length (cm) 

2004 2005 2004 2005 2004 2005 

0.0 95.80 c 93.40 c 35.00 c 36.00 b 2.73 b 2.74 b 

5.0 100.80 b 102.50 c 36.00 bc 37.00 ab 2.80 a 2.77 b 

7.5 106.90 a 109.20 b 38.00 ab 38.00 a 2.81 b 2.81 ab 

10.0 109.70 a 111.20 ab 38.00 ab 39.00 a 2.88 a 2.85 ab 

12.5 111.10 a 113.30 a 38.00 ab 38.00 a 2.92 a 2.98 a 

Mean 104.86 105.92 37.00 37.60 2.83 2.83 

LSD (P≤0.05) 4.60 4.40 2.10 2.20 0.18 0.14 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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4.7.4. Fruit shedding 

Zinc treatments significantly affected fruit production (Table 4.40). Total number of 

fruiting position was increased by 5.6% with 7.5 kg Zn ha
-1

 compared with control; thereafter 

number of fruiting positions decreased with further increase in Zn rates for experimental year 

2004. Similarly, maximum increase of 8.9% in total fruiting positions was observed with 7.5 kg 

Zn ha
-1

 compared with control for 2005. On an average, total number of intact fruit per unit area 

increased by 1.2% with Zn fertilizer during 2005 compared with 2004. There was a significant 

effect of Zn fertilizer on fruit shedding over control for both years. For instance, a significant 

reduction in fruit shedding was obserbved with Zn fertilization. On an average, fruit shedding 

was 65.5% with 7.5 kg Zn ha
-1

; 69.6% without Zn fertilizer. Follet et al. (1981) and Oosterhuis et 

al. (1991) reported that Zn is involved in the biosynthesis of IAA, which in cotton favors the 

retention of squares and small bolls. Similarly, Ohki (1976) and Welch (1995) reported that a 

greater concentration of plant Zn promotes photosynthetic activity by accelerating the activity of 

carbonic anhydrase. Increased photosynthetic activity, in turn, enhances flowering and boll 

retention by cotton plants (Wang et al., 1985; Kler et al., 1989). 

 

4.7.5. Gas exchange characteristics 

Data for gas exchange characteristics such as photosynthetic rate (PN), transpiration rate 

(E), water use efficiency (WUE), stomatal conductance (gs) and intercellular CO2 concentration 

(Ci) differed significantly with Zn fertilizer for both years (Table 4.41). There was an increase in 

PN with increasing rates of Zn fertilizer for both years. Photosynthatic rate was increased by 

31.1, 59.1, 73.2 and 84.5% with 5.0, 7.5, 10.0 and 12.5 kg Zn ha
-1

 over control for crop of 2004. 

Comparatively, higher PN was observed for crop of 2004 at given levels of Zn fertilizer. Overall, 

PN was increased by 5.3% with Zn fertilizer for 2004 compared with 2005. Maximum E was 

increased by 38.8% and 40.5% with 12.5 kg Zn ha
-1

 compared with control, respectively for 

2004 and 2005. Water use efficiency was increased significantly with Zn levels (Table 4.41). 

The WUE was increased by 33.3% during 2004 and 30.5% during with Zn at 12.5 kg ha
-1

 over 

control treatment.  

 

Data reported in Table 4.41 show that gs increased with incrasing Zn levels. Stomatal 

conductance incrased by 5.7, 12.1, 18.6 and 23.6% with 5.0, 7.5, 10.0 and 12.5 kg Zn ha
-1

 over  
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Table 4.40. Effect of zinc fertilizer on total fruiting positions, total intact fruit and fruit shedding  

 

Treatments  

Zn (kg ha
-1

) 

Total fruiting positions m
-2

 Total intact fruit m
-2

 Fruit shedding (% age) 

2004 2005 2004 2005 2004 2005 

0 356.00 d 349.00 c 108.00 c 105.00 c 70.20 a 69.00 a 

5.0 362.00 bc 366.00 b 115.00 bc 118.00 b 68.20 b 67.70 b 

7.5 376.00 a 380.00 a 131.00 a I33.00 a 65.20 c 65.80 b 

10.0 365.00 b 363.00 b 117.00 b 120.00 b 67.70 b 67.50 b 

12.5 356.00 cd 360.00 b 115.00 bc 117.00 b 67.90 b 67.50 c 

Mean 363.00 363.60 117.20 118.6 67.84 67.50 

LSD (P≤0.05) 5.50 7.20 7.10 6.30 1.30 1.70 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05. 

 

 

Table 4.41. Effect of zinc fertilizer on net photosynthetic rate (PN) [µmol (CO2) m
-2

 s
-1

], 

transpiration rate (E) [mmol (H2O) m
-2

 s
-1

], water use efficiency (WUE=PN/E) 

[µmol (CO2) mmol
-1 

(H20)], stomatal conductance (gs) [mmol (CO2) m
-2

 s
-1

] and 

intercellular CO2 (Ci) [mmol m
-2

 s
-1

] 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 

Treatments  

Zn (kg ha
-1

) 

PN  E WUE gs Ci 

2004 2005 2004 2005 2004 2005 2004 2005 2004 2005 

0.0 14.20 e 13.83 e 3.64 e 3.70 e 3.91 d 3.73 c 259.5 d 275.70 c 358.50 a 366.50 a 

5.0 18.68 d 17.88 d 4.17 d 4.0 d 4.51 c  4.44 b 274.25c 281.30 c 321.30 b 332.80 b 

7.5 22.58 c 21.95 c 4.58 c 4.44 c 4.93 b 4.95 a 291.00 b 302.20 b 290.80 c  312.80 c 

10.0 24.58 b 23.98b 4.84 b 4.80 b 5.10ab 5.00 a 308.00 a 326.50 a 259.80 d 268.70 d 

12.5 26.20 a 25.8 a 5.00 a 5.16 a 5.24 a 5.00 a 321.00 a 338.00a  200.70 e 217.20 e 

Mean 21.25 20.69 4.45 4.42 4.74 4.62 290.75 304.74 286.22 299.60 

LSD (P≤0.05) 0.98 1.20 0.11 0.20 0.16 0.14 13.40 15.50 13.20 10.40 
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control for experimental year 2004. Similar was the case for gs with Zn levels for crop of 2005. 

Averaged across treatments, there was more gs (4.8%) for crop of 2005 compared with crop of 

2004. There was a significant reduction in Ci with Zn fertilizer. Maximum decrease in Ci was 

44.0% during 2004 and 40.7% during 2005 with 12.5 kg Zn ha
-1

 over control treatment.  

 

Results reported herein are similar with those of Sharma et al. (1994) and Wang and Jin 

(2005), who reported that Zn deficiency depressed photosynthetic capacity because of decrease 

in gs and increase in Ci. Since Zn deficiency has been reported to decrease carbonic anhydrase 

(CA) activity (Ohki, 1976; Fisher et al., 1997; Cakmak and Engles, 1999), the decrease in 

photosynthetic activity under control plots might be due to the effect of low CA activity. 

Furthermore, the decrease in net photosynthesis may also, partly, be attributed to the decrease in 

chlorophyll content and abnormal structure of chloroplast as a result of Zn deficiency. Increased 

Zn supply probably exerted positive influence on chlorophyll formation and CA activity which 

ultimately promoted PN. Carbonic anhydrase activity is well known to be involved in 

photosynthesis, facilitating the diffusion of CO2 through the liquid phase of the cell to the 

chloroplast (Hatch and Slack, 1970; Zelitch, 1971).  

 

The increase in transpiration rate (E) because of Zn nutrition substantiates the findings of 

Hu and Sparks (1991) and Sharma et al. (1994), who reported that Zn deficiency caused  

reduction in the instantaneous transpiration efficiency of leaves. The results of this study show 

that Zn fertilization resulted in an increase in WUE. The improvement in WUE by Zn nutrition 

corroborates with the results of Khan et al. (2003 and 2004) and Wang and Jin (2005) that Zn 

supply caused increase in WUE. Hatfield et al. (2001) reported that WUE could be increased 

from 15 to 25% by changing nutrient management practices. In the present studies, WUE 

increased by 32% (average of two years) as a result of Zn fertilization over control treatment. 

These findings verify that addition of Zn in Zn deficient soils of the arid environment may prove 

very beneficial by improving WUE of the cotton crop. The decreased gs with Zn deficiency has 

also been reported by Khan et al. (2004). Zinc nutrition caused increase in stomatal aperture as 

Zn is thought to be involved in stomatal regulation due to its role in maintaining membrane 

integrity (Khan el al., 2004). Sharma et al. (1995) reported the involvement of Zn in stomatal 
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opening being the constituent of CA, which is required for maintaining adequate HCO3 in the 

guard cells and also a factor affecting the K
+
 uptake by the guard cells.  

 

The decrease in Ci with Zn nutrition demonstrated the increased utilization of 

intercellular CO2 by the cotton plant. These results are in accord with those of Hu and Sparks 

(1991), who observed that increased photosynthetic activity and stomatal conductance caused 

reduction in. Ci. They also reported that Ci decreased as Zn concentration increased in leaves. 

Similar results have also been reported by Sharma et al. (1994 and 1995) for cauliflower. 

 

4.7.6. Chlorophyll content in cotton leaves 

Chlorophyll content (SPAD) of cotton leaf blades increased progressively with increased 

Zn application rate up to 7.5 kg Zn ha
-1

 (P≤0.05; Table 4.42); thereafter decreased with further 

increase in Zn rates. Still chlorophyll content was higher compared with contrl with 10.0 and 

12.5 kg Zn ha
-1

 for both experimental years. Maximum increase in chlorophyll content was 18.5 

% during 2004 and 27.6% during 2005 with 7.5 kg Zn ha
-1

, compared with control plants. 

Increased leaf chlorophyll content with better Zn nutrition of cotton plants may be attributed to 

enhanced overall nutrient uptake, utilization and metabolism within the plants (Li et al., 1991). 

Khurana and Chatterjee (2001) observed a reduction in content of chlorophyll as well as of 

chlorophyll b with Zn deficiency in sunflower leaves. Kaya and Higgs (2001) also reported that 

at low Zn concentration in solution culture (i.e. 0.01 mg L
-1

), chlorophyll content in tomato 

leaves decreased significantly. This reduction in chlorophyll content was attributed to the 

combination of low Zn and high P concentrations in tomato leaves (Kaya et al., 2000). 

 

4.7.7. Membrane leakage 

There was a significant (P≤0.05) decrease in electrolyte leakage (EL) with Zn fertilizer 

up to 7.5 kg Zn ha
-1

 for both years (Table 4.42). However, higher Zn rates (i.e. 10.0 to 12.5 kg 

Zn ha
-1

) exhibited no further positive effect on EL. Kaya and Higgs (2001) reported that Zn 

deficiency as well as toxicity in tomato plants impacted membrane permeability adversely 

leading to increased EL. Welch et al. (1982) also observed greater leakage of 
32

P and 
36

Cl from 

roots of Zn deficient wheat plants than from Zn adequate plants.  
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Table 4.42. Effect of zinc fertilizer on chlorophyll content, electrolyte leakage, protein and oil 

contents 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 

Treatments  

Zn (kg ha
-1

) 

Electrolyte leakage 

(%) 

Chlorophyll 

content (SPAD) 

Protein  

(%) 

Oil  

(%) 

 2004 2005 2004 2005 2004 2005 2004 2005 

0.0 30.50 a 31.60 a 43.20 d 42.00 c 18.90 c 19.70 b 19.00 c 19.70 c 

5.0 28.20 b 27.60 b 47.90 bc 46.70 b 19.70 abc 20.10 b 19.90 b 20.30ab 

7.5 26.30 c 27.00 b 51.20 a 53.60 a 20.80 a 20.80  a 20.40 a 20.90 a 

10.0 26.10 c 26.40 b 45.60 c 45.80 b 20.70 ab 20.50 b 20.00 a 20.20 ab 

12.5 26.20 c 26.60 b 44.20 ab 42.90 b 20.40 bc 20.40 b 19.80 a 19.90 bc 

Mean 27.46 27.84 46.42  46.20 20.10 20.30 19.80 20.20 

LSD (P≤0.05) 1.30 1.60 1.50 1.40 0.30 0.30   0.40 0.40 
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They postulated that Zn has a direct impact on structural integrity of bio-membranes. 

Similarly, Cakmak and Marschner (1988a) observed that Zn deficiency in plants increased 

exudation (net flux) of K
+
, amino acids, sugars and phenolics by a factor of 2.5. Because addition 

of Zn to deficient plants decreased EL substantially, these scientists postulated that Zn must have 

a role in maintaining the integrity of cellular membrane. Lindsay et al. (1989) also reported an 

increase in K
+
 leakage from Zn deficient cells, a protective role of Zn at the apoplasmic site of 

plasma membrane. 

 

4.7.8. Protein content in cotton seed 

Zinc treatments significantly (P≤0.05) affected protein content in cotton seed for both 

years compared with the control (Table 4.42). It increased with Zn rates up to 7.5 kg Zn ha
-1

; 

thereafter decreased with further Zn rates for both years. A mean maximum increase with 7.5 kg 

Zn ha
-1

 was 8.0% over untreated plants during both years. However, protein concentration 

remained unaffected with Zn rates greater than 7.5 kg ha
-1

. These results are in agreement with 

those of Sawan et al. (1988), Babhulkar et al. (2000) and Sawan et al. (2006). Shchitaeva (1984) 

reported that bio-synthesis of amino acids depends on Zn nutritional status of plants. Cakmak 

(2000) also postulated that Zn is responsible for gene expression and protein synthesis in plants. 

These scientists hypothesized that Zn deficiency might reduce the impact of antioxidant 

enzymes, resulting in enhanced oxidative damage to proteins, chlorophyll and nucleic acids. 

 

4.7.9. Oil content and composition 

During both years, Zn fertilization increased cotton seed oil content compared to the 

control plants (P≤0.05; Table 4.42). On an average, the increases in oil content were 3.9% with 

5.0 kg Zn ha
-1

 and 7.1% with 7.5 kg Zn ha
-1

 over control for experimental years 2004 and 2005. 

However, improvement in oil content got reduced at higher Zn rates (i.e. 3.9% at 10 kg Zn ha
-1

 

and 0.5% at 12.5 kg Zn ha
-1

). These observations are in agreement with those of Sawan et al. 

(1988) and Sawan et al. (2006). According to Ohki (1976), an increase in oil content is the 

consequence of increased total photosynthates and more effective translocation of 

photoassimilates to the sink (cotton bolls).  
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Concenrations, and hence ratios, of total saturated fatty acids (TS, i.e. palmitic, stearic 

and myristic acids) and total un-saturated fatty acids (TU, i.e. oleic and linoleic acids) in cotton 

seed oil were also affected significantly with Zn application (P≤0.05; Table 4.43). In general, Zn 

use decreased saturated fatty acids compared with control treatment for both years. In contrast, 

un-saturated fatty acids and the ratio of TU/TS increased in cotton seed oil of Zn fertilized plants 

compared with control cotton seed oil. Application of 7.5 kg Zn ha
-1

 resulted in maximum un-

saturated fatty acids in cotton seed oil. A similar beneficial impact of Zn nutrition on oil 

composition was reported by Klug and Rhodes (1987), Romheld and Marschner (1991) and 

Sawan et al. (2006). 

 

4.7.10. Seed cotton yield and its components 

Seed cotton yield and yield components were improved significantly (P≤0.05) with Zn 

application for both experimental years. Maximum yield increase over the control treatment was 

15.0% during 2004 and 9.0% during 2005 (Table 4.44). Lesser field response to Zn fertilization 

during 2005 was obviously because of residual effect of fertilizer Zn applied to the 2004 cotton 

crop. The greater crop yield in 2005 compared with 2004 is attributed to less insect pressure, 

especially from whitefly, thrips, spotted boll worm and army worm during 2005. Seed cotton 

yield increased progressively with increasing fertilizer Zn rates up to 7.5 kg Zn ha
-1

; thereafter 

decreased for both years (Fig. 4.27). Boawn (1973) also reported that broadcast application of Zn 

ethylene diamine tetra acetic acid (EDTA) at the rate of 7.1 to 10.7 kg ha
-1

 caused reduction in 

yield of irrigated bean plants. Similarly, Chaudhry et al. (2001) observed a reduction in wheat 

yield with Zn rates of more than 10.0 kg Zn ha
-1

. The reduction in crop yield at greater Zn rates 

is generally attributed to nutrient imbalances in the plant root system (Pathak et al., 1975). Data 

reported herein indicate that fertilizer Zn requirement associated with near-maximum (95% of 

maximum) relative seed cotton yield was 5.0 kg Zn ha
-1 

(Fig. 4.27). 

 

Boll bearing by cotton plants also improved with Zn application; the maximum number 

of bolls plant
-1

 was observed with 7.5 kg Zn ha
-1

 for both years (Table 4.44). On average, 10.5% 

more bolls plant
-1

 were obtained with 7.5 kg Zn ha
-1

 compared with boll bearing of untreated 

plants. In Zn treated plants, boll weight also increased significantly (P≤0.05); 9.4% during 2004 

and 8.0% during 2005 compared with the controls (Table 4.44).  
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Table 4.43. Effect of zinc fertilizer on un-saturated and saturated fatty acids 

Treatments 

Zn (kg ha-1) 

Oleic acid Linoleic acid Palmitic acid Stearic acid Myristic acid TU/TS* 

2004 2005 2004 2005 2004 2005 2004 2005 2004 2005 2004 2005 

0.0 18.90 c 18.70d 51.30d 51.10c 22.30a 22.40a 2.20a 2.18a 0.60a 0.58a 2.79d 2.77d 

5.0 19.30b 19.10c 52.80bc 52.70b 20.70b 20.50b 2.17a 2.16ab 0.66a 0.60a 3.06c 3.07c 

7.5 19.50 ab 19.40b 53.40a 53.10a 20.60b 20.40bc 2.16a 2.14ab 0.68a 0.69a 3.09bc 3.12b 

10.0 19.80a 19.60ab 53.10ab 52.90ab 20.30c 20.20cd 2.15a 2.12b 0.71a 0.72a 3.12ab 3.14ab 

12.5 19.80a 19.70a 52. 07c 52.60b 20.10c 19.90c 2.13a 2.12b 0.70a 0.68a 3.15a 3.18a 

Mean 19.46 19.30 52.65 52.48 20.80 20.68 2.16 2.14 0.67 0.65 3.04 3.06 

LSD (P≤60.05) 0.30 0.30 0.40 0.30 0.30 0.40 0.08 0.05 0.15 0.14 0.05 0.05 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05. * = Ratio of 

total un-saturated and saturated fatty acids 
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Table 4.44. Effect of zinc fertilizer on seed cotton yield, bolls plant
-1

, boll weight and seed index 

Treatments 

Zn  (kg ha
-1

) 

Seed cotton yield 

(kg ha
-1

) 
Bolls plant

-1
 

Boll weight 

(g) 

Seed index 

(g) 

2004 2005 2004 2005 2004 2005 2004 2005 

0.0 2412.00 c 2555.00 b 24.00b 23.00b 3.31d 3.36c 8.35c 8.35e 

5.0 2638.00 ab 2665.00 ab 26.00ab 27.00a 3.58c 3.60b 8.99a 8.90c 

7.5 2765.00 a 2790.00 a 28.00a 29.00a 3.69a 3.68a 9.02a 9.08a 

10.0 2622.00 ab 2680.00 ab 26.00ab 27.00a 3.63b 3.65ab 9.00a 9.01b 

12.5 2595.00 b 2650.00 ab 25.00ab 26.00ab 3.61bc 3.63ab 8.81b 8.76d 

Mean 2606.40 2668.00 25.80 26.40 3.56 3.58 8.83 8.82 

LSD (P≤0.05) 162.30 148.00 2.00 1.96 0.05 0.07 0.05 0.08 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 

 

 

 

Figure 4.27. Relationship between Fertilizer rates and seed cotton yield  
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Results of the present study are in agreement with those of Sawan et al. (2001) and Zeng 

(1996). The increase in boll weight is attributed to the favorable effect of Zn fertilization on 

photosynthetic activity and plant metabolism resulting in greater accumulation of photosynthates 

in the bolls (Oosterhuis et al., 1991; Khandagave et al., 1996; Sawan et al., 2001). 

 

Zinc fertilizer also improved SI of cotton (i.e. weight of 100 seeds) significantly (P 

≤0.05) with a minor variation during both years (Table 4.39). With Zn fertilization, SI increased 

progressively up to 7.5 kg Zn ha
-1

, but declined thereafter. 

 

Amelioration of soil Zn deficiency as a plant growth constraint is known to enhance plant 

growth by way of favorable effect on photosynthetic activity and improving mobilization of 

photosynthates (Jyung et al., 1975; Glass, 1989). Thus, Zn fertilization resulted in overall 

improved growth and development of cotton plants and thereby improved translocation of 

photosynthates from vegetative plant parts to reproductive organs, resulting in greater boll 

retention with concurrent increase in boll and seed weight (Welch, 1995) 

 

4.7.11. Fiber quality 

Fiber length, fiber fineness, uniformity ratio and fiber strength as well as GOT were 

affected positively with Zn application. However, the effect was non-significant for most of the 

parameters (Table 4.45). Hearn (1981) and Grimes and El-Zik (1990) reported that lint quality 

was largely controlled by plant genotype and weather conditions. Shrivastava and Singh (1988) 

also reported that Zn application did not affect GOT and staple length of cotton grown in on 

sandy loam soil. 

 

4.7.12. Relationships between leaf Zn content and seed cotton quantitative and qualitative 

characteristics 

Pearson‟s correlation coefficient (r) between Zn concentration in leaves was positive and 

significant (P≤0.05) with boll weight, seed protein content, total un-saturated fatty acid, fiber 

length, fiber uniformity ratio, and fiber strength (Table 4.46), suggesting that improvement in 

seed cotton yield, fiber quality and oil quality were due to better Zn nutrition. 
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Table 4.45. Effect of zinc fertilizer on fiber quality 

Treatments  

Zn (kg ha
-1

) 

Fiber length 

(mm) 

Fiber fineness 

(µg inch
-1

) 

Uniformity ratio 

(%) 

Fiber strength 

(000 Ibs inch
-2

) 

GOT (%) 

2004 2005 2004 2005 2004 2005 2004 2005 2004 2005 

0.0 28.84NS 28.82 4.25 4.50 46.42 46.27 94.80 94.50 39.95 39.27 

5.0 28.98 28.94 4.40 4.52 46.50 46.70 95.22 95.32 40.20 41.05 

7.5 29.15 29.11 4.47 4.40 46.47 46.80 95.25 95.15 40.50 31.03 

10.0 29.05 29.10 4.32 4.40 46.90 46.92 95.35 95.57 40.00 40.28 

12.5 29.20 29.25 4.55 4.37 46.95 46.77 95.60 95.27 40.05 40.38 

Mean 29.04 29.04 4.40 4.44 46.65 46.69 95.24 95.16 40.14 38.40 

LSD (P≤0.05) 0.32 0.71 0.37 0.19 0.77 0.08 1.21 1.45 1.69 1.27 

GOT: Ginning-out-turn; NS: Non-significant 
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Table 4.46. Pearson‟s correlation coefficients (r) for Zn concentration in leaves with quantitative and qualitative characteristics of cotton plant 

  ZNL Chl EL PP OP TU TS FL FF UR FS FSH SCY BPP BW SI GOT % 

ZnL 1                 

Chl 0.293 1                

EL -0.967* -0.407 1               

PP 0.872* 0.634 -0.958* 1              

OP 0.346 0.959* -0.466 0.675 1             

TU 0.934* 0.570 -0.951* 0.946* 0.651 1            

TS -0.981* -0.352 0.922* -0.836 -0.415 -0.948* 1           

FL 0.944* 0.287 -0.947* 0.873* 0.269 0.839 -0.875* 1          

FF 0.402 0.288 -0.239 0.197 0.129 0.328 -0.488 0.390 1         

UR 0.944* 0.0709 -0.914* 0.775 0.200 0.857 -0.911* 0.846 0.146 1        

FS 0.944* 0.238 -0.894* 0.788 0.372 0.923* -0.964* 0.788 0.282 0.960* 1       

FSH -0.646 -0.898* 0.745 -0.889* -0.856 -0.811 0.652 -0.678 -0.369 -0.433 -0.526 1      

SCY 0.665 0.909* -0.738 0.873 0.901* 0.853 -0.704 0.633 0.406 0.467 0.600 -0.981* 1     

BPP 0.614 0.929* -0.694 0.843 0.941* 0.833 -0.665 0.558 0.348 0.431 0.580 -0.962* 0.9949* 1    

BW 0.907* 0.653 -0.916* 0.934* 0.701 0.988* -0.935* 0.821 0.437 0.783 0.877* -0.864* 0.9069* 0.8849* 1   

SI 0.837 0.684 -0.926* 0.986* 0.758 0.958* -0.825 0.792 0.151 0.756 0.802 -0.888* 0.8989* 0.8869* 0.945* 1  

GOT% 0.510 0.902* -0.519 0.657 0.846 0.700 -0.602 0.451 0.636 0.257 0.455 -0.881* 0.9309* 0.9269* 0.796 0.691 1 

ZnL: Zinc concentration in leaves; Chl: Chlorophyll content; EL: Electrolyte leakage; PP: Protein percentage; OP: Oil percentage; TU: Total un-saturated fatty acids; TS: Total 

saturated fatty acids; FL: Fiber length; FF: Fiber fineness; UR: Uniformity ratio; FS: Fiber strength; FSH: Fruit shedding percentage; SCY: Seed cotton yield; BPP: Boll plant-1; 

BW: Boll weight; SI: Seed index; GOT%: Ginning out turn; *: Significant at P<0.05 
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In contrast, there existed a negative relationship of EL and total saturated fatty acids with 

Zn concentration in leaves. Thus, membrane permeability as well as saturated fatty acid content 

in oil decreased with improved Zn nutrition of plants.  

 

4.7.13. Nutrient dynamics 

Zinc treatments significantly (P≤0.05) affected N concentration in cotton leaf blades at 

different growth stages (Fig. 4.28A). Its concentration was 2.83% in control plot and increased to 

2.94% with 12.5 kg Zn ha
-1

, showing an increase of 3.9% at 30 DAP. Nitrogen concentrations 

increased in leaves 30 DAP and reached its maximum concentration of 3.1% at 60 DAP. After 

this, N started declining first gradually and then abruptly. For instance, N concentration was 

3.11% at 60 DAP and reduced to 2.71% at 90 DAP, showing a decrease of 12.80%. Decrease in 

N concentration from 90 DAP (2.71%) to 150 DAP (1.95%) was 28.0%. Crop receiving 12.5 kg 

Zn ha
-1

 had 3.14% N at 60 DAP and reduced to 1.97% at 150 DAP (maturity), showing a 

decrease of 37.30%. Average across Zn rates, N concentrations was decreased by 32.3% from 30 

DAP (2.88%) to 150 DAP (1.95%). The variation in N concentration was 99.0% in leaves with 

plant age (Fig. 4.29A).Phosphorous decreased significantly (P≤0.05) with Zn treatments age 0f 

plant (Fig. 4.30B). It was 0.27% at 30 DAP for control plots and decreased to 0.23% with 12.5 

kg Zn ha
-1

, showing a decrease of 14.8%. Average across Zn treatments, its concentration was 

0.24% at 30 DAP and reached its maximum (0.29%) at 60 DAP. There was 20.8% increase in P 

concentration. Thereafter, P started declining till maturity (150 DAP). Crop treated with 12.5 kg 

Zn ha
-1

 had 0.29% P at 60 DAP, which decreased to 0.10% at 150 DAP, showing a decrease of 

64.3% (Fig. 4.28 B).  

 

The variation in P concentration was 93.0% with plant age (Fig. 4.29B). Zinc treatments 

caused significant (P≤0.05; Fig. 4.28C) variation in K concentration in leaves at different growth 

stages. There was increase in K with increasing Zn levels. Its concentration was 3.54% at 30 

DAP in control plots and increased to 3.74% with 12.5 kg Zn ha
-1

, showing an increase of 5.6%. 

Potassium concentration decreased with plant age. Averaged across Zn treatments, K was 3.64% 

at 30 DAP and decreased to 3.18% at 60 DAP, showing a decrease of 12.6%. The decrease was 

abrupt from 60 DAP to 150 DAP (maturity) indicating a decrease of 28.6%. The variation in K 

concentration was 99.0% with plant age (Fig. 4.29C). 
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Figure 4.28. Effect of zinc fertilizer and age of plant on nutrient concentration 
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There was a significant (P≤0.05) effect of Zn fertilizer on Ca concentration in leaves 

Calcium concentrations increased up to 2.85% at 60 DAP; thereafter it decreased with age of 

plant (Fig. 4.28D). Averaged across Zn treatments, Ca was 2.62% at 30 DAP, which decreased 

to 1.96% at 150 DAP, showing a decrease of 25.0% with age of plant. Maximum Ca 

concentrations were 2.68% and 2.07% in control treatments; whereas minimum were 2.62% 

and1.96% in plots receiving 12.5 kg Zn ha
-1

 at 30 and 150 DAP, respectively. The variation in 

Ca concentration was 98.0% with age of plant (Fig. 4.29D). Zinc treatments significantly 

(P≤0.05) influenced Mg concentration in leaves (Fig. 4.28E). Concentration of Mg started 

increasing at 30 DAP and reached its maximum at 60 DAP; thereafter it decreased gradually up 

to 90 DAP. Average across Zn treatments, Mg was 0.85% at 60 DAP and 0.73% at 90 DAP, 

showing a decrease of 14.1%. Concentration of Mg was 0.45 % at 150 DAP and decrease in Mg 

was 38.4% from 90 DAP to 150 DAP. Magnesium was 0.82% in plots treated with 12.5 kg Zn 

ha
-1

; whereas it was 0.90% in control plots at 60 DAP, showing a decrease of 8.80%. Average 

across Zn treatments, concentration of Mg was 0.79 % at 30 DAP, which decreased to 0.45% at 

150 DAP, showing a decrease of 43.0% with age of plant. The variation in Mg concentration was 

97.0% with age of plant (Fig. 4.29E). 

  

Boron concentration in leaves varied significantly (P≤0.05) with age of plant and Zn 

treatments (Fig. 4.28F). Averaged across Zn treatments, its concentration was 42.0 mg kg
-1

 at 30 

DAP and reached its maximum (56.0 mg kg
-1

) at 60 DAP in plant treated with 12.5 kg Zn ha
-1

, 

showing an increase of 33.3%. It decreased to 23.5 mg kg
-1

 at 150 DAP; 56.0 mg kg
-1

 at 60 DAP 

with 12.5 kg Zn ha
-1

, showing a decrease of 58.9%. Average across Zn treatments, B 

concentration was 40.6 mg kg
-1

 at 30 DAP, which decreased to 23.0 mg kg
-1

 at 150 DAP, 

showing a decrease of 43.3%. Variation in B concentration was 85.0% with plant age (Fig. 

4.29F). Copper concentration decreased gradually with increasing levels of Zn fertilizer (Fig. 

4.28G). For instance, its concentration was 9.90 mg kg
-1

 in control plants and decreased to 8.70 

mg kg
-1

 with 12.5 kg Zn ha
-1

 at 30 DAP in plots receiving 12.5 kg Zn ha
-1 

at 30 DAP, showing a 

decrease of 12.1%. After this, Cu in leaves started increasing steadily from 30 DAP and reached 

its maximum of 9.10 mg kg
-1

 at 60 DAP. Copper in leaves increased by 4.6% with 12.5 kg Zn 

ha
-1

 from 30 DAP to 60 DAP; decreased to 6.4 mg kg
-1

 at 150 DAP, showing a reduction of 

29.7% from 60 DAP to 150 DAP.  
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Figure 4.29. Nutrient dynamics with plant age 
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Averaged across Zn treatments, Cu concentration in leaves was 8.90 mg kg
-1

 at 30 DAP 

and decreased to 6.60 mg kg
-1 

at 150 DAP, showing a decrease of 25.8%. The variability in Cu 

concentration was 99.0% with plant age (Fig. 4.29G). Zinc treatments also significantly (p≤0.05) 

affected Fe in leaves (Fig. 4.28H). Iron concentration started increasing from 30 DAP and 

reached its maximum at 60 DAP. Average across Zn treatments, Fe was 206 mg kg
-1

 at 30 DAP 

and was 219 mg kg
-1

 at 60 DAP, showing an increase of 6.3%. Concentration of Fe decreased in 

leaves with increase in Zn rates. For instance, Fe was 229 mg kg
-1

 in control plots and decreased 

to 213 mg kg
-1

 in plants treated with 12.5 kg ha
-1

 at 60 DAP, showing a decrease of 7.2%. 

Averaged across Zn treatments, Fe concentration was 206 mg kg
-1

 at 30 DAP, which was 170 mg 

kg
-1

 at 150 DAP. Decrease in Fe concentration was 17.54%. Variation in Fe concentration was 

84.0% with plant age (Fig. 4.29H).  

 

The effect of Zn treatments was significant (P≤0.05) on Mn concentration in leaves (Fig. 

4.28I). Manganese started increasing at 30 DAP (132 mg kg
-1

), which reached its maximum 

concentration of 146 mg kg
-1

 at 60 DAP in plants treated with 12.5 kg Zn ha
-1

, showing an 

increase of 11.0%. Thereafter, it decreased gradually up to 90 DAP (141 mg kg
-1

), showing a 

decrease of 3.40%. Averaged across Zn levels, Mn concentration was 138 mg kg
-1

 at 30 DAP, 

which decreased to 60.3 mg kg
-1

 at 150 DAP, indicating a decrease of 56.2%. Concentration of 

Mn was 158 at 60 DAP in control plots and decreased to 146 mg kg
-1

 in plots treated with 12.5 

kg Zn ha
-1

, reflecting a decrease of 7.30%. The variation in Mn concentration was 99.0% with 

plant age (Fig. 4.29I). Zn concentration increased in leaves with increasing Zn levels (Fig. 

4.28J). Its concentration was 19.1 mg kg
-1

 in control plots and increased to 48.25 mg kg
-1

 in plots 

treated with 12.5 kg Zn ha
-1 

at 60 DAP. Averaged across Zn treatments, concentration of Zn 

leaves was 29.5 mg kg
-1

 at 30 DAP, which reached maximum of 37.5 mg kg
-1

 at 60 DAP, 

showing an increase of 27.1%. The Zn concentration was 48.3 mg kg
-1

 at 60 DAP and decreased 

to 41.0 mg kg
-1

 at 90 DAP in plots treated with 12.5 kg Zn ha
-1

,
 
showing a decrease of 15.1%. 

Averaged across Zn rates, Zn concentration was 29.5 mg kg
-1

 at 30 DAP, which decreased to 

25.9 mg kg
-1

 at 150 DAP, indicating a decrease of 12.2%. The variability in Zn concentration 

was 70% with age of plant (Fig. 4.29J).  
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Drossopoulos et al. (1994) explained that amount of mineral elements absorbed by plants 

is a function of genotype, cultural practices, growth stage and environmental conditions. 

Changes in N concentrations and N accumulation of developing cotton leaves are well 

documented in literature (Thompson etal., 1976; Zhu and Oosterhuis, 1992). In cotton plant, N 

concentration in leaves and whole plants decreased with plant age in field studies (Li et al., 1991; 

Fritschi et al., 2004). Similarly, Terman (1974) noted a reduction in N in the range of 29 and 

54% in leaves of corn with age. In alfalfa 57.4% reduction in N from vegetative to blooming 

stages was observed in a field study by Rominger et al. (1975). Likewise, plant age is one of the 

most important factors affecting nutrient concentrations in plant tissue. Nitrogen concentration in 

shoots and grains of rice and drybean decreased significantly in a quadratic form with advancing 

in plant age (Fageria, 2008). Terman (1974) reported that P concentration in corn leaves 

decreased from 24.0 and 32.0% with age. Similarly, Rominger et al. (1975) observed 65.0% 

reduction in P concentration from vegetative (0.58 %) to blooming stage (0.20%) in alfalfa on 

Miami silt loam soil. Data reported herein are in accord with those of Mullins and Burmerster 

(1991) and Fageria (2008), who reported that P concentration decreased in cotton, upland rice 

and dry bean with age. Terman (1974) reported 28.0 to 78.0% decreases in K in corn leaves at 28 

and 36 DAP on Mountview silt loam soil. Decrease in K concentration in leaves of cotton was 

also reported by Mullins and Burmester (1991) and Li et al (1991) with age.  

 

Brar and Sekhon (1988) reported 2.0 to 2.5% Ca in cotton leaves as adequate levels of Ca 

at flowering and peak flowering stages in newly mature leaves. In another study, Weir and 

Cresswell (1994) reported 2.2 to 3.8% of Ca in mature cotton leaves as sufficient levels from 

vegetative to flowering stages. Magnesium concentration in cotton decreased with age (Mullins 

and Burmester, 1992). These results are in accord with those of Mullins and Burmester (1992). 

Brar and Sekhon (1988) proposed 0.40 to 0.76% and 0.30 to 0.45% Mg sufficient levels in newly 

mature leaves of cotton at pre flowering and flowering stages, respectively. Weir and Cresswell 

(1994) also reported 0.02 to 0.2% and 0.30 to 0.9% Mg as marginal and adequate levels in 

youngest mature blades from vegetative to flowering stages in cotton plant.  

 

Boron concentration tended to decrease in plant age (Fig. 4.30F). Brar and Sekhon (1988) 

proposed 20 to 50 and 20 to 25 mg B kg
-1

 in recently mature cotton leaves as sufficient level at 
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preflowering and flowering stages. However, Rashid and Rafique (2002) established 53.0 mg kg
-

1
 as critical level of B for cotton leaves at flower initiation stage. Reduction in Cu concentration 

in cotton leaves was observed with age.  Mullins and Burmester (1993) reported reduction in Cu 

concentration in cotton leaves with age. Brar and Sekhon (1988) reported 5.0 to 15.0 mg Cu kg
-1

 

at preflowering and 3.0 to 10.0 mg Cu kg
-1

 at flowering stage of recently mature cotton leaves. 

Likewise, there was also reduction in Mn concentration with plant age. Brar and Sekhon (1988) 

proposed Mn sufficiency range of 35.0 to 100 mg kg
-1

 at pre-flowering and 30 to 90 mg kg
-1

 at 

flowering stages of cotton plant. Weir and Cresswell (1994) reported various Mn concentrations 

as 8.0; 15 to 20; 25 to 500; 1000-2000; > 4000 mg kg
-1

 as diagnostic criteria for deficient, 

marginal, adequate, high and toxic levels from vegetative to flowering stages for cotton crop. 

The result of present studies also showed that crop had sufficient Mn in the leaves to maximize 

SCY. Iron concentration decreased with age in cotton plants (Mullins and Burmester, 1993). 

Sabbe et al. (1972) reported 30 to 300 mg Fe kg
-1

 as an adequate level in cotton leaf blade for 

SCY. Brar and Sekhon (1988) proposed 50 to 300 and 40 to 100 mg Fe kg
-1

 in recently mature 

cotton leaves as sufficient levels at preflowering and flowering growth stages for maximum 

relative SCY. Zinc concentration in corn shoot at 18 DAP was 36 mg kg
-1

 and decreased to 15 

mg kg
-1

 at harvest stage, Decrease in Zn concentration in annual crops is associated with increase 

in shoot dry weight with increase in plant age (dilution effect) up to certain growth stage (Fageria 

et al., 1997). Similarly, Rominger et al. (1975) observed 62.0% reduction in Zn concentration 

from vegetative (46 mg kg
-1

) to blooming stage (17.5 mg kg
-1

) in alfalfa. For cotton crop, Weir 

and Cresswell (1994) reported 7.0 to 13; 16 to 20; 25 to 60 mg Zn kg
-1

 as diagnostic criteria for 

deficient, marginal and adequate from vegetative to flowering stages. In present studies, average 

across Zn treatments, Zn concentration was 29.5, 33.4, 37.5, 31.4 and 21.6 mg kg
-1

 at 30, 45, 60, 

90 and 150 DAP, which was sufficient to maximize SCY. 

 

4.7.14. Distribution of ions 

Zinc treatments significantly (P≤0.05) affected N concentration in leaves, stems, burs, 

seed and lint for both experimental years. Over all, crop of 2005 had higher N concentration in 

stems and seed compared with crop of 2004 with Zn fertilizer, but at par in leaves, burs and lint 

(Table 4.47). Averaged across Zn treatments, N concentration varied from 0.62 to 0.65%, 3.12 to 

3.25%, 1.95 to 1.95%, 0.58 to 0.58%, 0.10 to 0.10% in stems, seed, leaves, burs and lint for 



 

172 

 

experimental years 2004 and 2005, respectively. Maximum increase in N concentration was 5.3 

and 3.1%; 9.6 and 3.8% in leaves and seed with 10.0 kg Zn ha
-1

 for 2004 and 2005, respectively. 

In contrast, maximum increase in N was 12.1 and 9.8%; 21.6 and 17.3%; 22.2 and 37.5% in 

stems, burs and lint with 12.5 kg Zn ha
-1

 for crops of 2004 and 2005, respectively. There was a 

positive and significant (P≤0.05) correlation between N and Zn in leaves, stems, burs, seed and 

lint (Table 4.48). Nitrogen concentration was in the order of: seed > leaves > stems > burs > lint. 

Although P did not differ significantly among treatments for stems and lint, the trend was similar 

and there was less P concentration compared with control treatment for both experimental years 

(Table 4.49). Maximum decrease in P concentration was 25.0 and 16.6%, 14.3 and 14.3%, 13.3 

and 12.5%, 5.0 and 7.3% in leaves stems, burs, seed and lint with 12.5 kg Zn ha
-1

 compared with 

control treatment for experimental years 2004 and 2005, respectively. A negative but significant 

correlation (leaf; -0.63; stem; -0.51; seed; -0.64) was observed between Zn and P, suggesting that 

use of Zn fertilizer reduced the absorption of P (Table 4.50). Phosphorous concentration was in 

the order of seeds > burs > leaves > stems ≈ lint. 

 

Potassium concentration was significantly (P≤0.05) increased with Zn treatments in 

leaves, stems, burs, seed and lint for both experimental years (Table 4.51). Maximum increase in 

K was 3.2 and 4.0%, 10.5 and 10.6%, 10.1 and 8.2%, 12.2 and 14.2%, 28.6 and 27.7% in leaves, 

stems, burs, seed and lint with 12.5 kg Zn ha
-1

 over control treatment for crops of 2004 and 2005, 

respectively. It is evident that this increase in K concentration was statistically at par with 7.5 

and 10.0 kg Zn ha
-1

 for both years. A positive and significant correlation was observed between 

Zn and K in leaves, stems, seed and burs; whereas non-significant for lint (Table 4.52). 

Potassium concentration was in the order of burs > leaves > seed > stems > lint with Zn fertilizer.  

 

Fertilizer Zn significantly (P≤0.05) decreased Ca concentration in leaves, stems, burs, 

seed and lint for experimental years 2004 and 2005 over control treatment (Table 4.53) Its 

concentration decreased by 6.3 and 7.3%, 12.5 and 8.9%, 14.8 and 14.3%, 16.1 and 13.0% and  
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Table 4.47. Effects of zinc fertilizer on nitrogen concentration (%) in different cotton plant 

parts at maturity 

Treatments 

Zn (kg ha
-1

) 

Cropping season 

2004 2005 

(a) Leaves N (%) 

0.0 1.89 b 1.91 a 

5.0 1.95 ab 1.94 ab 

7.5 1.96 a 1.96 a 

10.0 1.99 a 1.97 a 

12.5 1.98 a 1.97 a 

Mean 1.95 1.95 

LSD (P≤0.05) 0.06 0.03 

(b) Stems N (%) 

0.0 0.58 c 0.61 c 

5.0 0.62 b 0.64 b 

7.5 0.64 ab 0.66 ab 

10.0 0.64 ab 0.67 a 

12.5 0.65 a 0.67 a 

Mean 0.63 0.65 

LSD (P≤0.05) 0.026 0.02 

(c) Burs N (%) 

0.0 0.51 d 0.52 c 

5.0 0.56 c 0.57 b 

7.5 0.59 b 0.58 b 

10.0 0.61 ab 0.60 a 

12.5 0.62 a 0.61 a 

Mean 0.58 0.58 

LSD (P≤0.05) 0.02 0.02 

(d) Seed N (%) 

0.0 3.02 c 3.16 b 

5.0 3.02 b 3.23 ab 

7.5 3.03 a 3.32 a 

10.0 3.31 a 3.28 a 

12.5 3.26 ab 3.26 a 

Mean 3.13 3.25 

LSD (P≤0.05) 1.12 0.09 

(e) Lint N (%) 

0.0 0.09 b 0.08 c 

5.0 0.10 ab 0.09 bc 

7.5 0.11 a 0.10 ab 

10.0 0.11 a 0.11 a 

12.5 0.11 a 0.11 a 

Mean 0.10 0.10 

LSD (P≤0.05) 0.01 0.01 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Table 4.48. Relationships between zinc and nitrogen concentrations in different parts of cotton 

plant at maturity 

Variables Regression equation Correlation co-efficient (r) 

Zn conc. in leaves vs. N conc. in leaves Y= 0.0038 + 1.87X 0.79* 

Zn conc. in stems vs. N conc. in stems Y= 0.368 + 0.162X 0.67* 

Zn conc. in burs vs. N
 
conc. in burs Y= 0.0153 + 0.575X 0.60* 

Zn
 
 conc. in seed vs. N conc. in seed Y= 2.120 + 0.0338X 0.59* 

Zn
 
 conc. in lint vs. N conc. in lint Y= 0.0153 + 0.009X 0.52* 

* Significant at P<0.05 
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Table 4.49. Effects of zinc fertilizer on phosphorus concentration (%) in different  cotton plant 

parts at maturity 

Treatments 

Zn (kg ha
-1

) 

Cropping season 

2004 2005 

(a) Leaves P (%) 

0.0 0.12 a 0.12 a 

5.0 0.10 b 0.11 ab 

7.5 0.09 b 0.11 ab 

10.0 0.09 b 0.11 ab 

12.5 0.09 b 0.10 b 

Mean 0.10 0.11 

LSD (P≤0.05) 0.01 0.01 

(b) Stems P (%) 

0.0 0.07 a 0.07 a 

5.0 0.06 a 0.07 a 

7.5 0.06 a 0.06 a 

10.0 0.06 a 0.06 a 

12.5 0.06 a 0.06 a 

Mean 0.06 0.06 

LSD (P≤0.05) 0.01 0.01 

(c) Burs P (%) 

0.0 0.15 a 0.16 a 

5.0 0.14 ab 0.15 ab 

7.5 0.13 b 0.14 b 

10.0 0.13 b 0.14 b 

12.5 0.13 b 0.14 b 

Mean 0.14 0.15 

LSD (P≤0.05) 0.01 0.01 

(d) Seed P (%) 

0.0 0.40 a 0.41 a 

5.0 0.39 ab 0.40 a 

7.5 0.38 b 0.38 b 

10.0 0.38 b 0.38 b 

12.5 0.38 b 0.38 b 

Mean 0.39 0.39 

LSD (P≤0.05) 0.01 0.01 

(e) Lint P (%) 

0.0 0.07 a 0.08 a 

5.0 0.07 a 0.07 ab 

7.5 0.06 a 0.07 ab 

10.0 0.06 a 0.07 ab 

12.5 0.06 a 0.06 b 

Mean 0.06 0.07 

LSD (P≤0.05) 0.010 0.011 

       Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Table 4.50. Relationships between zinc and phosphorus concentrations in different parts of 

cotton  plant at maturity 
 

Variables Regression equation Correlation co-efficient (r) 

Zn conc. in leaves vs. P conc. in leaves Y= 0.131 - 0.001X  -0.63* 

Zn conc. in stems vs. P conc. in stems Y= 0.118 - 003X  -0.51* 

Zn conc. in burs vs. P
 
conc. In burs Y= 0.284 - 0.0111X  -0.35NS 

Zn conc. in seed vs. P conc. In seed Y= 0.568 - 0.005X  -0.64* 

Zn conc. in lint vs. P conc. in lint Y= 0.093 - 0.003X  -0.20NS 

* significant at P<0.05; NS= non significant at P<0.05 
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Table 4.51. Effects of zinc fertilizer on potassium concentration (%) in different cotton plant 

parts at maturity 

Treatments 

Zn (kg ha
-1

) 

Cropping season 

2004 2005 

(a) Leaves K (%) 

0.0 2.21 c 2.23 c 

5.0 2.24 bc 2.27 bc 

7.5 2.25 ab 2.29 ab 

10.0 2.26 ab 2.3 ab 

12.5 2.28 a 2.32 a 

Mean 2.25 2.28 

LSD (P≤0.05) 0.04 0.04 

(b) Stems K (%) 

0.0 1.24 c 1.22 c 

5.0 1.31 b 1.29 b 

7.5 1.33 ab 1.32 ab 

10.0 1.37 a 1.33 ab 

12.5 1.37 a 1.35 a 

Mean 1.32 1.30 

LSD (P≤0.05) 0.06 0.05 

(c) Burs K (%) 

0.0 2.87 c 2.94 b 

5.0 3.02 b 3.08 a 

7.5 3.09 ab 3.12 a 

10.0 3.12 ab 3.15 a 

12.5 3.16  a 3.18 a 

Mean 3.05 3.09 

LSD (P≤0.05) 0.10 0.10 

(d) Seed K (%) 

0.0 1.23 c 1.20 d 

5.0 1.32 b 1.28 c 

7.5 1.36 a 1.32 bc 

10.0 1.36 a 1.35 ab 

12.5 1.38 a 1.37 a 

Mean 1.33 1.30 

LSD (P≤0.05) 0.04 0.05 

(e) Lint K (%) 

0.0 0.70 d 0.65 b 

5.0 0.78 c 0.75  a 

7.5 0.83 bc 0.80 a 

10.0 0.88 ab 0.82 a 

12.5 0.90 a 0.83 a 

Mean 0.82 0.77 

LSD (P≤0.05) 0.06 0.08 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Table 4.52. Relationships between zinc and potassium concentrations in different parts of plant 

at maturity 

Variables Regression equation Correlation co efficient (r) 

Zn conc. in leaves vs. K conc. in leaves Y= 2.18 + 0.004X 0.40NS 

Zn conc. in stems vs. K conc. in stems Y= 0. 071 + 0.036X 0.88* 

Zn conc. in burs vs. K conc. in burs Y= 0.968 + 0.157X 0.55* 

Zn conc. in seed vs. K
 
 conc. in seed Y= 0.417 + 0.027X 0.81* 

Zn conc. in lint vs. K conc. in lint Y= 0.401 + 0.045X 0.30NS 

* significant at P<0.05; NS = non significant at P<0.05  
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Table 4.53. Effect of zinc fertilizer on calcium concentration (%) in different  cotton plant 

parts at maturity 

Treatments 

Zn (kg ha
-1

) 

Cropping season 

2004 2005 

(a) Leaves Ca (%) 

0.0 2.08 a 2.06 a 

5.0 1.96 b 1.93 b 

7.5 1.97 b 1.91 b 

10.0 1.95 b 1.91 b 

12.5 1.95 b 1.91 b 

Mean 1.98 1.94 

LSD (P≤0.05) 0.07 0.06 

(b) Stem Ca (%) 

0.0 0.56 a 0.56 a 

5.0 0.52 b 0.54 ab 

7.5 0.52 b 0.52 bc 

10.0 0.49 bc 0.51 c 

12.5 0.49 bc 0.51 c 

Mean 0.52 0.53 

LSD (P≤0.05) 0.03 0.03 

(c) Burs Ca (%) 

0.0 0.27 a 0.28 a 

5.0 0.24 b 0.26 b 

7.5 0.23 b 0.25 bc 

10.0 0.23 b 0.24 c 

12.5 0.23 b 0.24 c 

Mean 0.24 0.25 

LSD (P≤0.05) 0.01 0.01 

(d). Seed Ca (%) 

0.0 0.25 a 0.23 a 

5.0 0.23 b 0.21 b 

7.5 0.22 bc 0.20 b 

10.0 0.22 bc 0.20 b 

12.5 0.21 c 0.20 b 

Mean 0.23 0.21 

LSD (P≤0.05) 0.01 0.01 

(e) Lint Ca (%) 

0.0 0.0770 a 0.0748 a 

5.0 0.0628 b 0.0623 b 

7.5 0.0603 b 0.0558 b 

10.0 0.0558 b 0.0550 c 

12.5 0.0540 c 0.0543 c 

Mean 0.06 0.06 

LSD (P≤0.05) 0.0046 0.0034 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Table 4.54. Relationships between zinc and Calcium concentrations in different parts of cotton  

plant at maturity 
 

Variables Regression equation Correlation co-efficient (r) 

Zn
 
conc. in leaves vs. Ca conc. in leaves Y= 2.10 - 0.006X -0.66* 

Zn
 
conc. in stems vs. Ca conc. in stems Y=  0.787 - 0.0.16X -0.80* 

Zn
 
conc. in burs vs. Ca conc. in burs Y=  0.555 - 0.023X -0.49NS 

Zn
 
conc. in seed vs. Ca conc. in seed Y= 0.421 - 0.0062X -0.62* 

Zn
 
conc. in lint vs. Ca conc. in lint Y= 0.144 - 0.006x -0.77* 

* significant at P<0.05; NS = non significant at P<0.05  
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29.8 to 28.1% in leaves, stems, burs, seed and lint with 12.5 kg Zn ha
-1

 over treatment for 2004 

and 2005, respectively. However, this decrease in Ca concentration was statistically at par with 

5.0, 7.5 and 12.5 kg Zn ha
-1

 for both years. There was a significant correlation of Zn with Ca (r = 

-0.66; r = -0.80; r = - 0. 49; r = -0.62; r = - 0.77) for leaves, stems, seeds, burs and lint (Table 

4.54). Its concentration was in order of: leaves > stems > burs > seed > lint. Similar decreasing 

trend for Mg concentration was observed in leaves, stems, burs and seed with Zn rates (Table 

4.55). However, Zn treatments did not significantly affected Mg concentration in lint for both 

years. A negative and significant (P≤0.05) correlation was observed between Zn and Mg in 

leaves, stems, seed and lint (with exception to burs, where it was non-significant; Table 4.56). 

Magnesium concentration was in order of: stems > burs > leaves > seed > lint.  

 

There was a significant (P≤0.05) effect of Zn fertilizer on B concentrations in leaves, 

stems, burs, seed and lint for both years (Table 4.57). Maximum increase in B concentration was 

14.3 and 15.0%, 8.6 and 8.8%, 8.8 and 8.6%, 9.0 and 8.8% and 9.5 and 9.1% in leaves, stems, 

burs, seed and lint with 12.5 kg Zn ha
-1

 compared with control plots for experimental years 2004 

and 2005, respectively. However, this increase in B with 12.5 kg Zn ha
-1

 was statistically at par 

with 5.0, 7.5 and 10.0 kg Zn ha
-1

 in almost all of the plant parts for both years. Positive and 

significant correlation was observed between Zn and B concentration in leaves, stems, seed, burs 

and lint (Table 4.58). Zinc fertilizer significantly (P≤0.05) decreased Cu concentration in leaves, 

stems, burs, seed and lint for both experimental years (Table 4.59). Averaged across Zn 

treatments and irrespective of years, concentration of Cu varied from 8.00 to 8.13 mg kg
-1

; 9.47 

to 9.67 mg kg
-1

; 8.21 to 8.60 mg kg
-1

; 6.54 to 6.56 mg kg
-1

; 2.88 to 2.89 mg kg
-1

, respectively in 

leaves, stems, burs, seed and lint. Maximum decrease in Cu concentration was 4.8 and 7.5%; 6.5 

and 7.0%; 11.2 and 14.6%; 6.5 and 5.2%; 20.0 and10.7% in leaves, stems, burs, seed and lint 

with 12.5 kg Zn ha
-1

 over control treatments, respectively for 2004 and 2005. But this increase in 

Cu concentration was statistically similar with 5.0, 7.5 and 10.0 kg Zn ha
-1

 for both soils. 

Regression equations and correlation coefficients between Zn and Cu contents in leaves, stems, 

seed, burs and lint is presented in Table 4.60. Data suggested   that Cu concentration was in order 

of: stems > burs > leaves ≈ seed > lint. Similarly, soil applied Zn fertilizer also significantly 

(P≤0.5) decreased Fe and Mn concentrations in leaves stems, burs, seed and lint for both years 

(Table 4.61 and Table 4.63).  
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Table 4.55. Effect of zinc fertilizer on magnesium concentration (%) in different cotton plant parts 

at maturity  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 

Treatments 

Zn (kg ha
-1

) 

Cropping season 

2004 2005 

(a) Leaves Mg (%)  

0.0 0.47 a 0.50 a 

5.0 0.44 b 0.47 ab 

7.5 0.43 bc 0.46 b 

10.0 0.42 c 0.45 b 

12.5 0.41 c 0.45 b 

Mean 0.43 0.47 

LSD (P≤0.05) 0.02 0.03 

(b) Stems Mg (%) 

0.0 0.27 a 0.26 a 

5.0 0.26 b 0.24 b 

7.5 0.25 c 0.23 b 

10.0 0.25 c 0.23 b 

12.5 0.25 c 0.23 b 

Mean 0.26 0.24 

LSD (P≤0.05) 0.01 0.02 

(c) Burs Mg (%) 

0.0 0.25 a 0.26 a 

5.0 0.24 ab 0.25 ab 

7.5 0.23 bc 0.24 b 

10.0 0.22 c 0.24 b 

12.5 0.22 c 0.24 b 

Mean 0.23 0.25 

LSD (P≤0.05) 0.02 0.02 

(d) Seed Mg (%) 

0.0 0.12 a 0.13 a 

5.0 0.11 b 0.12 b 

7.5 0.10 c 0.11c 

10.0 0.09 d 0.10 d 

12.5 0.09 d 0.10 d 

Mean 0.10 0.11 

LSD (P≤0.05) 0.01 0.01 

(e) Lint Mg (%) 

0.0 0.008 a 0.008 a 

5.0 0.006 a 0.007 a 

7.5 0.006 a 0.007 a 

10.0 0.005a 0.006 a 

12.5 0.005 a 0.006 a 

Mean 0.006 0.007 

LSD (P≤0.05) 0.0005 0.0008 
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Table 4.56. Relationships between zinc and magnesium concentrations in different parts of 

cotton plant at maturity 
 

Variables Regression equation Correlation co-efficient (r) 

Zn conc. in leaves vs. Mg conc. in leaves Y= 0.506 - 0.003X -0.66* 

Zn conc. in stems vs. Mg conc. in stems Y= 0.353 - 0.006X -0.46* 

Zn conc. in burs vs. Mg conc. in burs Y= 0.353 - 0.015X -0.28NS 

Zn conc. in seed vs. Mg conc. in seed Y= 0.312- 0.006X -0.81* 

Zn conc. in lint vs. Mg conc. in lint Y= 0.013 - 0.001X -0.51* 

* significant at P<0.05; NS = non significant at P<0.05  
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Table 4.57. Effect of Zinc fertilizer on boron concentration (mg kg
-1

) in different cotton plant 

parts at maturity 

Treatments 

Zn (kg ha
-1

) 

Cropping season 

2004 2005 

(a) Leaves (B mg kg
-1

) 
0.0 21.00 b 20.00 c 

5.0 23.00 a 21.00 bc 

7.5 23.00 a 22.00 ab 

10.0 24.00 a 23.00 a 

12.5 24.00 a 23.00 a 

Mean 23.00 21.80 

LSD (P≤0.05) 1.16 1.12 

(b) Stems (B mg kg
-1

) 
0.0 35.00 c 34.00 b 

5.0 36.00 bc 36.00 a 

7.5 37.00 ab 36.00 a 

10.0 38.00 a 37.00 a 

12.5 38.00 a 37.00 a 

Mean 36.8 36.00 

LSD (P≤0.05) 1.73 1.62 

(c) Burs (mg kg
-1

) 
0.0 34.00 b 35.00 b 

5.0 36.00 a 36. 00 b 

7.5 37.00 a 38.00 a 

10.0 37.00 a 38.00 a 

12.5 37.00 a 38.00 a 

Mean 36.20 37.25 

LSD (P≤0.05) 1.66 1.64 

(d) Seed (B mg kg
-1

) 
0.0 33.00 b 34.00 b 

5.0 35.00 a 35.00 b 

7.5 36.00 a 37.00 a 

10.0 36.00 a 37.00 a 

12.5 36.00 a 37.00 a 

Mean 35.20 36.00 

LSD (P≤0.05) 1.66 1.73 

(e) Lint (B mg kg
-1

) 
0.0 21.00 b 22.00 b 

5.0 22.00 ab 23.00 ab 

7.5 23.00 a 24.00 a 

10.0 23.00 a 24.00 a 

12.5 23.00 a 24.00 a 

Mean 22.4 23.4 

LSD (P≤0.05) 1.16 1.15 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Table 4.58. Relationships between zinc and boron concentrations in different parts of cotton 

plant at maturity 

Variables Regression equation Correlation co-efficient (r) 

Zn conc. in leaves vs. B conc. in leaves Y= 19.1 + 0.153X 0.71* 

Zn
 
conc. in stems vs. B conc. in stems Y= 21.6 + 0.889X 0.66* 

Zn conc. in burs vs. B conc. in burs Y= 7.79 + 2.15X 0.50* 

Zn conc. in seed vs. B conc. in seed Y= 18.1 + 0.531X 0.61* 

Zn conc. in lint vs. B conc. in lint Y= 14.0 + 1.02X 0.59* 

* significant at P<0.05 
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Table 4.59. Effect of zinc fertilizer oncopper concentration (mg kg
-1

) in different cotton plant 

parts at maturity  

Treatments 

Zn (kg ha
-1

) 

Cropping season 

2004 2005 

(a) Leaves (Cu mg kg
-1

) 
0.0 8.33 a 8.40 a 

5.0 8.21 ab 8.25 a 

7.5 8.21 ab 7.85 b 

10.0 8.00 b 7.77 b 

12.5 7.93 b 7.77 b 

Mean 8.14 8.01 

LSD (P≤0.05) 0.32 0.23 

(b) Stems (Cu mg kg
-1

) 
0.0 10.12 a 9.93 a 

5.0 9.70 b 9.54 b 

7.5 9.60 b 9.41 bc 

10.0 9.50 b 9.25 c 

12.5 9.46 b 9.23 c 

Mean 9.68 9.47 

LSD (P≤0.05) 0.28 0.23 

(c) Burs (mg kg
-1

) 
0.0 9.25 a 8.90 a 

5.0 8.80 b 8.50 b 

7.5 8.56 bc 8.23 b 

10.0 8.40 cd 7.80 c 

12.5 8.21 d 7.60 c 

Mean 8.64 8.21 

LSD (P≤0.05) 0.26 0.35 

(d) Seed (Cu mg kg
-1

) 
0.0 6.80 a 6.78 a 

5.0 6.63 ab 6.60 b 

7.5 6.61 b 6.61 b 

10.0 6.34 b 6.39 c 

12.5 6.36 b 6.43 c 

Mean 6.55 6.56 

LSD (P≤0.05) 0.30 0.16 

(e) Lint (Cu mg kg
-1

) 
0.0 3.30 a 3.09 a 

5.0 2.90 b 2.91 b 

7.5 2.85 bc 2.86 bc 

10.0 2.76 cd 2.80 bc 

12.5 2.64 d 2.76 c 

Mean 2.89 2.88 

LSD (P≤0.05) 0.13 0.12 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Table 4.60. Relationships between zinc and copper concentrations in different parts of cotton 

plant at maturity 

Variables Regression equation Correlation co-efficient (r) 

Zn conc. in leaves vs. Cu
 
 conc. in leaves Y= 8.70 - 0.029X -0.71* 

Zn conc. in stems vs. Cu conc. in stems Y= 12.6 - 0.179X -0.74* 

Zn conc. in burs vs. Cu conc. in burs Y= 17.6 - 0.682X -0.53* 

Zn conc. in seed vs. Cu conc. in seed Y= 9.35 - 0.085X -0.70* 

Zn conc. in lint vs. Cu conc. in lint Y= 4.52 - 0.186 -0.65* 

* significant at P<0.05. 
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Table 4.61. Effect of zinc fertilizer on iron concentration (mg kg
-1

) in different cotton plant parts 

at maturity 

Treatments 

Zn (kg ha
-1

) 

Cropping season 

2004 2005 

(a). Leaves (Fe mg kg
-1

) 
0.0 177.00 a 175.00 a 

5.0 172.00 ab 170.50 ab 

7.5 170.00 b 169.25 b 

10.0 168.50 b 167.00 b 

12.5 167.50 b 166.00 b 

Mean 171.0 169.05 

LSD (P≤0.05) 6.94 5.04 

(b). Stems (Fe mg kg
-1

) 
0.0 116.00 a 118.00 a 

5.0 113.00 ab 114.00 ab 

7.5 111.00 b 111.00 bc 

10.0 110.00 b 109.00 c 

12.5 110.00 b 109.00 c 

Mean 112.00 112.20 

LSD (P≤0.05) 4.54 4.05 

(c) Burs (Fe mg kg
-1

) 
0.0 237.00 a 235.00 a 

5.0 231.00 b 230.00 ab 

7.5 230.00 b 228.00 b 

10.0 230.00 b 227.00 b 

12.5 229.00 b 226.00 b 

Mean 231.40 229.20 

LSD (P≤0.05) 6.05 6.79 

(d) Seed (Fe mg kg
-1

) 
0.0 159.00 a 162.00 a 

5.0 155.00 ab 158.25 b 

7.5 155.00 ab 155.25 bc 

10.0 153.00 b 155.25 bc 

12.5 153.00 b 154.00 c 

Mean 155.00 156.95 

LSD (P≤0.05) 4.62 3.27 

(e) Lint (Fe mg kg
-1

) 
0.0 30.60 a 29.62 a 

5.0 29.60 ab 27.80 b 

7.5 28.50 bc 26.50 c 

10.0 27.80 cd 26.40 c 

12.5 26.32 d 25.60 c 

Mean 28.56 27.18 

LSD (P≤0.05) 1.51 0.90 

 Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Table 4.62. Relationships between zinc and iron concentrations in different parts of cotton plant 

at maturity 
 

Variables Regression equation Correlation co-efficient (r) 

Zn conc. in leaves vs. Fe conc. in leaves Y= 180 - 0.461X -0.66* 

Zn conc. in stems vs. Fe conc. in stems Y= 148 - 2.16X -0.73* 

Zn conc. in burs vs. Fe conc. in burs Y= 263 - 2.41X -0.19 NS 

Zn conc. in seed vs. Fe conc. in seed Y= 199 - 1.31X -0.65* 

Zn conc. in lint vs. Fe conc. in lint Y= 41.2 - 1.51X -0.59* 

* significant at P<0.05; NS = non significant at P<0.05 
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No-doubt, Fe and Mn concentrations were decreased significantly with Zn fertilizer over 

control treatment, but decrease was almost non-significant within Zn rates for experimental years 

2004 and 2005. Regression equations and correlation coefficient (r) between Zn and Fe; Zn and 

Mn are presented in Table 4.62 and Table 4.64. There was a significant (P≤0.05) increase in Zn 

concentration with Zn fertilizer in leaves, stems, seed, burs and lint for both experimental years 

2004 and 2005 (Table 4.65). Maximum increase in Zn concentration was 157 and 172%; 22.2 

and 21.0%; 4.6 and 6.2%; 14.6 and 13.4%; 34.3 and 16.5% in leaves, stems, burs, seed and lint 

with 12.5 kg Zn ha
-1

 over control plot for crops of 2004 and 2005, respectively. Zinc 

concentration in plant parts was significantly correlated with Zn rates (Table 4.67). 

 

Zinc is known to involve in carbohydrates and N metabolism during growth of plants. 

McHan and Johnson (1979) reported increased assimilation of N by Monasus purpureus L. in the 

presence of sufficient amount of Zn in soil. Data reported herein show that cotton plant absorbed 

substantial quantity of N with > 5.0 kg Zn ha
-1

. Positive correlation between Zn and N in leaves 

(Y = 1.87 + 0.008; r = 0.79*) also indicated that Zn fertilization simulated the plant to absorb 

more N than that of un-treated plants. These results are in accord with those of Marschner 

(1995), who reported more absorption of N with soil applied Zn fertilizer. Imtiaz et al. (2006) 

reported that Zn fertilizer reduced P concentration significantly in shoots and root of wheat. 

Loneragan et al. (1982) observed in a solution culture that accumulation of P occurred due to low 

Zn and it enhanced the Zn requirement in okra (Abelmoschus esculentus). Zinc application 

exerted negative influence on P concentration in coriander (Coriandrum sativum) and reduced it 

to a deficient level (Gupta, 1995). Tiwari et al. (1982) noted in a field study that the 

combined effect of Zn and K improved the uptake of both Zn and K elements in maize; 

however, increased supply of K enhanced the absorption and utilization of Zn greatly. 

Gupta and Raj (1983) reported a positive and significant interaction between Zn and K in wheat 

grain. They suggested that K stimulated the translocation of Zn in plant. In a pot experiment, 

Shukla and Mukhi (1980) reported that shoot Ca decreased in normal soil with K and/or Zn 

fertilizers. However, Sadana and Takkar (1983) reported that higher concentration of K, Ca, Na 

and Mg reduced absorption and translocation of Zn in maize. Chaudhry and Loneragan (1972) 

reported that Zn absorption in wheat was reduced by non-competitive mechanism when Ca was 

increased in solution culture from 0 to 40 mM.  
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Table 4.63. Effect of zinc fertilizer on manganese concentration (mg kg
-1

) in different cotton 

plant parts at maturity 

Treatments 

Zn (kg ha
-1

) 

Cropping season 

2004 2005 

(a) Leaves (Mn mg kg
-1

) 
0.0 65.00 a 64.00 a 

5.0 61.50 b 61.00 b 

7.5 58.25 c 60.00 bc 

10.0 58.25 c 58.25 c 

12.5 58.50 c 58.00 c 

Mean 60.30 60.25 

LSD (P≤0.05) 2.58 2.39 

(b) Stems (Mn mg kg
-1

) 
0.0 59.00 a 55.25 a 

5.0 56.00 b 53.00 b 

7.5 55.00 b 52.00 b 

10.0 54.50 b 52.00 b 

12.5 55.00 b 52.00 b 

Mean 55.90 52.85 

LSD (P≤0.05) 2.21 2.00 

(c) Burs (Mn mg kg
-1

) 
0.0 59.00 a 60.00 a 

5.0 56.00 b 58.00 ab 

7.5 55.00 b 57.00 bc 

10.0 54.50 b 55.00 c 

12.5 55.00 b 55.00 c 

Mean 55.90 57.00 

LSD (P≤0.05) 2.15 2.48 

(d) Seed (Mn mg kg
-1

) 
0.0 29.30 a 28.25 a 

5.0 28.30 ab 27.53 a 

7.5 27.15 bc 26.23 b 

10.0 26.35 c 25.43 bc 

12.5 26.38 c 25.20 c 

Mean 27.50 26.53 

LSD (P≤0.05) 1.24 0.84 

(e). Lint (Mn mg kg
-1

) 
0.0 6.60 a 6.49 a 

5.0 6.55 a 6.33 ab 

7.5 6.33 ab 6.11 bc 

10.0 6.13 b 6.08 bc 

12.5 6.11 b 5.96 c 

Mean 6.34 6.19 

LSD (P≤0.05) 0.34 0.25 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Table 4.64. Relationships between zinc and manganese concentrations in different parts of plant 

at maturity 

Variables Regression equation Correlation co-efficient (r) 

Zn
 
 conc. in leaves vs. Mn

 
 conc. in leaves Y= 67.6 - 0.336X -0.81* 

Zn
 
 conc. in stems vs. Mn

 
 conc. in stems Y= 66.2 - 0.713X -0.39NS 

Zn
 
conc. in burs vs. Mn

 
 conc. in burs Y= 92.6 - 2.68X -0.42* 

Zn
 
 conc. in seed vs. Mn

 
 conc. in seed Y= 2.63 - 2.41X -0.34NS 

Zn
 
 conc. in lint vs. Mn

 
 conc. in lint Y= 7.88 - 0.183X -0.51* 

* significant at P<0.05; NS = non significant at P<0.05 
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Table 4.65. Effect of of zinc fertilizer on zinc
 
concentration (mg kg

-1
) in different  cotton plant 

 parts at maturity 

Treatments 

Zn (kg ha
-1

) 

Cropping season 

2004 2005 

(a) Leaves (Zn mg kg
-1

) 

0.0 11.25 e 11.00 e 

5.0 17.25 d 17.00 d 

7.5 24.25 c 25.00 c 

10.0 25.75 b 26.00 b 

12.5 29.0 a 30.00 a 

Mean 21.50 21.80 

LSD (P≤0.05) 1.07 1.06 

(b) Stems (Zn mg kg
-1

) 

0.0 14.83 c 14.70 c 

5.0 16.03 b 16.20 b 

7.5 16.70 b 16.70 b 

10.0 18.00 a 17.85 a 

12.5 18.13 a 17.80 a 

Mean 16.74 16.65 

LSD (P≤0.05) 0.82 0.40 

(c) Burs (Zn mg kg
-1

) 

0.0 13.00 b 12.95 b 

5.0 13.30 ab 13.40 ab 

7.5 13.50 a 13.53 ab 

10.0 13.60 a 13.58 ab 

12.5 13.60 a 13.75 a 

Mean 13.40 13.44 

LSD (P≤0.05) 0.35 0.62 

(d) Seed (Zn mg kg
-1

) 

0.0 30.45 d 31.00 c 

5.0 31.50 c 31.55 c 

7.5 32.40 b 32.55 b 

10.0 34.60 a 34.48 a 

12.5 34.90 a 35.15 a 

Mean 32.77 32.95 

LSD (P≤0.05) 0.54 0.78 

(e) Lint (Zn mg kg
-1

) 

0.0 6.70 c 7.87 c 

5.0 7.70 b 8.40 bc 

7.5 8.70 a 9.33 a 

10.0 8.90 a 9.08 ab 

12.5 9.00 a 9.20 a 

Mean 8.20 8.78 

LSD (P≤0.05) 0.55 0.69 

 Means followed by same letter (s) do not differ significantly from each other at P≤0.05 



 

194 

 

This reduction in Zn by Ca as varying anions had no effect on Zn uptake while other 

cations substituting for Ca affected Zn absorption. Bonnet et al. (2000) reported that increasing 

Zn concentration (5, 10 and 50 mM) decreased the concentration of Ca, Mg, Cu and P in 

ryegrass leaves (Lonnelium perenne L. cv. Apollo). Likewise, Sadana and Takkar (1983) 

reported that higher concentration of K, Ca, Na and Mg reduced absorption and translocation of 

Zn in rice. Higher levels of Zn (5.0 to 120 mg kg
-1

) reduced up take of Ca and Mg in upland rice 

on Oxisols in central Brazil (Fageria, 2002). Imtiaz et al. (2003b) reported that increasing levels 

of Zn (0, 5, 10, 15 and 20 µgml
-1

) caused reduction in Fe concentration in root and shoot of 

wheat. Earlier, Olsen (1972) also found that Fe content was greatly reduced due to addition of Zn 

fertilizer. Gupta (1995) reported an antagonistic effect between Zn fertilizer and Fe in root and 

shoot wheat and rice. Data reported herein also indicate a negative correlation (Y= -

0.461x+180.70, r = -0.66**) between Zn and Fe contents in plant parts.  

 

4.8. Diagnostic criteria for critical level of zinc 

4.8.1. Plant 

Data reported in Fig. 4.30 indicate that internal Zn requirement in fourth leaf (blades) 

from the top on main stem, associated with near-maximum (95% of maximum) relative SCY was 

36.0 mg kg
-1

. There are contradictory reports for critical deficiency level of Zn in cotton leaves 

for diagnosing Zn deficiency. For instance, Brar and Sekhon (1988) proposed 20 to 35 mg kg
-1

 as 

sufficient range for Zn in recently mature cotton leaves at pre-flowering and flowering growth 

stages. Srivastava and Gupta (1996) reported 20.0 mg Zn kg
-1

 as the critical concentration in 

upper mature leaves at early bloom stage. Singh and Nayyar (1995) proposed 25.0 mg Zn kg
-1

 as 

the critical deficiency level; whereas Jones (1989) reported 15.0 mg Zn kg
-1

 as CL in cotton 

leaves at flower initiation stage. However, Ohki (1976) suggested much lower value (15.0 mg Zn 

kg
-1

) as CL. Thus, variation in literature could primarily be due to genotypic requirements. 

Critical Zn deficiency level reported herein is near to Cakmak and Marschner (1986), reported 

34.0 to 36.0 mg kg
-1

 as an adequate Zn in whole shoots of young cotton (cv. Delta pine 15/21).  

 

4.8.2. Soil 

A plot of Zn concentration in soil for experimental years 2004 and 2005 versus per cent 

relative SCY (Fig. 4.30) of cotton plant revealed that Zn in soil for 95% of maximum yield is  
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Figure 4.30. Relationship between cotton leaves zinc concentration and relative seed cotton yield 

 

 

Figure.4.31. Relationship between DTPA-extractable soil zinc and relative seed cotton yield 
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0.75 mg kg
-1

. Lindsay and Norvell (1978) reported 1.0 mg kg
-1

 as a critical value of DTPA-

extractable Zn in soil. Similarly, Bansal et al. (1990) reported 0.75 mg kg
-1

 as a critical value of 

DTPA-extractable Zn for alkaline soils of East Punjab (India) for sustainable wheat production.  

 

4.9. Economics of zinc fertilizer 

Use of fertilizer Zn for cotton was highly cost-effective. Application of 7.5 kg ha
-1

 

resulted in the greatest net return (US$ 168.7 ha
-1

). Higher VCR of 11.2:1 was also obtained at 

7.5 kg Zn ha
-1

 compared with a VCR (value cost ratio) of 9.5:1 at 5.0 kg Zn ha
-1

. Similarly, 

agronomic efficiency (AE) of applied Zn was greater (39.2 kg seed cotton kg
-1

 fertilizer Zn) at 

7.5 kg Zn ha
-1

. As AE gets reduced at higher fertilizer rates, therefore Zn at higher rates becomes 

less cost effective (Table 4.66). Earlier researchers have also reported substantial economic 

benefits of Zn application in cotton (Shrivastava and Singh, 1988; Rashid, 1995). 

 

4.10. Residual and cumulative effect of zinc fertilizer on cotton and wheat in cotton-wheat 

rotation 

4.10.1. Wheat 

 Plant height responded positively and significantly (P≤0.05) to Zn rates in residual (RP) 

and cumulative plots (CP) for experimental years 2005-06 and 2006-07 (Fig. 4.32; Appendix 

12). It varied from 88.4 to 93.6 cm in RP and 88.2 to 96.1 cm in CP with Zn at 0.0 to 12.5 kg Zn 

ha
-1

, for 2005-06. Maximum increase in plant height was 5.9% (93.6 cm) with 10.0 kg Zn ha
-1

 in 

RP compared with control for experimental year 2005-06. However, this increase in plant height 

was statistically at par with 5.0, 7.5 and 12.5 kg Zn ha
-1

 in RP. In contrast, plant height was 

increased by 8.9% compared with control with 12.5 kg Zn ha
-1

. Here, the increase in plant height 

was statistically at par with 5.0, 7.5 and 10.0 kg Zn ha
-1

. There was also a significant effect of Zn 

rates on plant height in RP and CP for experimental year 2006-07. Plant height was increased by 

7.6% in RP with 10.0 kg Zn ha-1 compared with control plot; whereas it was 13.1% with 12.5 kg 

Zn ha
-1

 in CP over control.  
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Table 4.66. Economics of zinc fertilizer for cotton crop (average of two years) 

Treatments 

Zn (kg ha
-1

) 

Seed 

Cotton 

yield 

kg ha
-1 

Yield 

Increase over 

control 

kg ha
-1

 

Cost of 

zinc 

(US$) 

Value of 

Increased 

yield 

(US $) 

Net 

Return 

US$ 

ha-
1

 

value cost 

ratio 

Response/kg 

Zn applied 

0.0 2483.0 0 0 0 0 0 0 

5.0 2648.0 165.0 20.0 71.5 51.5 4.0:1 33.0 

7.5 2777.0 294.0 30.0 127.3 97.3 4.3:1 39.2 

10.0 2651.0 168.0 40.0 72.8 32.8 1.8:1 16.8 

12.5 2622.0 139.0 50.0 60.2 10.2 1.2:1 11.6 

Cost of seed cotton = US$ 0.43 kg
-1

 

Cost of Zn fertilizer = US$ 4.0 kg
-1 

 

 

 
Figure 4.32. Residual and cumulative effect of Zinc fertilizer on plant height 
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Khan et al (2009) observed that residual and cumulative application of Zn at 5.0 and 

10.0 kg ha
-1

 increased the plant height in wheat by 2.5 and 2.9% and 4.3 and 5.8% over 

control, respectively. In the present studies, the plant height was increased by 7.6% in RP 

with 10.0 kg Zn ha
-1

 and 13.1% in CP with 12.0 kg Zn ha
-1

 over control treatment. In Zn 

deficient plants, retarded stem elongation is attributed to a decrease in IAA level in plant tissue 

(Marschner, 1986). Cakmak et al. (1989) also reported a drastic reduction in IAA up to 50% in 

Zn deficient shoot tips and young leaves of bean compared with IAA level of Zn sufficient plant. 

 

Residual and cumulative use of Zn significantly (P≤0.05) affected number of tiller m
-2

 for 

experimental years 2005-06 and 2006-07 (Fig. 4.33; Appendix 12). There was 7.8% (332) 

increase in number of tillers m
-2

 in RP with 12.5 kg Zn ha
-1

 compared with control (308) for 

wheat crop of 2005-06. Maximum increase in number of tillers m
-2

 was 9.9% (343) in CP with 

10.0 kg Zn ha
-1

 over un-treated (312) plots for 2005-06. Similar trend was also observed for 

number of tillers during 2006-07 in RP and CP. Here, the maximum increase in number of tillers 

m
-2

 was 7.8% (317) with 10.0 kg Zn ha
- 1

 in RP over control (294), which was statistically 

similar with 5.0, 7.5 and 12.5 kg Zn ha
-1

. Similarly, number of tillers m
-2

 was increased by 

16.7% (348) over control (298) in CP with 10.0 kg Zn ha
-1

, which was statistically at par with 

7.5 and 12.5 kg Zn ha
-1

. Averaged across Zn treatments, number of tiller m
-2

 was increased by 

2.49% in CP compared with RP during 2005-06. Averaged across Zn treatments, number of 

tillers m
-2

 was increased by 6.8% in CP over RP for wheat of 2006-07. Khan et al (2009) 

observed that residual and cumulative application of Zn at 5.0 and 10.0 kg ha
-1

 significantly 

increased number of spikes m
-2 

(fertile tillers) by 4.4 and 8.5% and 13.9 and 15.9% over 

control, respectively. Zinc fertilizer improved the nutritional environment of the rhizosphere, 

which caused greater uptake of nutrients by the crop and resulted in higher metabolic and 

photo synthetic activities in wheat plant leading to higher yield (Dewal and Pareek, 2004).  

 

Zinc treatments significantly (P≤ 0.05) affected the spike length in RP and CP for 

experimental years 2005-06 and 2006-07 (Fig. 4.34; Appendix 12). It ranged from 9.8 to 10.6 cm 

and 9.4 to 10.9 cm in RP and CP, respectively with zero to 12.5 kg Zn ha
-1

 for 2005-06. 

Maximum increase in spike length was 8.2% (10.6 cm) in RP with 12.5 kg Zn ha
-1

and 15.9% 

(10.9 cm) in CP with 10.0 kg Zn ha
-1

 compared with control plots.  
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Figure 4.33. Residual and cumulative effect of Zinc fertilizer on number of tillers  

 

 

 
Figure 4.34. Residual and cumulative effect of Zinc fertilizer on spike length 
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Similarly, spike length varied from 9.6 to 10.3 cm in RP and 9.4 to 11.2 cm in CP with 

0.0 to 12.5 kg Zn ha
-1

 for 2006-07. There was 7.3% (10.3 cm) and 19.1% (11.2 cm) increase in 

spike length with 12.5 kg ha
-1

 compared with control plots, which was statistically similar with 

7.5 and 10.0 kg Zn ha
-1

. Khan et al. (2009) reported 6.6 and 8.1% increase in spike length over 

control with residual effect of 5.0 and 10.0 kg Zn ha
-1

. They further reported 9.5 and 11.8 % 

increase in spike length with the continuous application of 5.0 and 10.0 kg Zn ha
-1 

to both rice 

and wheat crops in rice-wheat rotation. Increase in spike length with Zn fertilization was also 

reported by Abbas et al. (2009). 

 

There was more 1000-grain weight (39.2 g) with 12.5 kg Zn ha
-1

; which was statistically 

at par with 5.0, 7.5 and 10.0 kg Zn ha
-1

 in RP for 2005-06(Fig.35; Appendix4.12). Minimum 

1000-grain weight was (37.4 g) in control treatment. In contrast, maximum (000) grain weight 

was 40.4 g in CP with 10.0 kg Zn ha
-1

; which was statistically similar with 5.0, 7.5 and 12.5 kg 

Zn ha
-1

 for experimental year 2006-07. There was 0.93% decrease in (000) grain weight in RP 

compared with CP for wheat of 2005-06. Maximum (7.1%) increase in 1000- grain weight (39.0 

g) was observed in RP with 12.5 kg Zn ha
-1

 compared with control plot (36.4 g); which was 

statistically at par with 5.0, 7.5 and 10.0 kg Zn ha
-1

for wheat of 2006-07. Likewise, maximum 

increase in 1000-grain weight was 11.6% (40.5 g) with 12.5 kg Zn ha
-1

 in CP over control (36.3 

g); which was statistically similar with 5.0, 7.5 and 10.0 kg Zn ha
-1

for 2006-07. There was 3.7% 

increase in 1000- grain weight in CP compared with RP for wheat of 2006-07. These results are 

in accord with those of Khan et al. (2009), who reported 0.54 and 5.85% increase in 1000- grain 

weight over control with residual effect of 5.0 and 10.0 kg Zn ha
-1

, which was previously applied 

to the rice crop. Khan and colleagues further reported 9.6 and 13.6% increase in 1000-grain 

weight with continuous application of 5.0 and 10.0 kg Zn ha
-1 

to both rice and wheat crops. 

 

Zinc rates significantly (P≤0.05) increased GY in RP and CP during 2005-06 (Fig. 4.36; 

Appendix 12]. In residual plot (RP), GY was increased by 5.6, 8.2, 9.8 and 10.4% over control 

treatment with 5.0, 7.5, 10.0 and 12.5 kg Zn ha
-1

, respectively. However, increase in GY for CP 

was 7.5, 9.6, 13.0 and 12.7% over control with 5.0, 7.5, 10.0 and 12.5 kg Zn ha
-1

, respectively 

for 2005-06. Averaged across Zn treatments, there was 1.36% decrease in GY of RP compared 

with CP for experimental year 2005-06. 
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Figure 4.35. Residual and cumulative effect of Zinc fertilizer on 1000 grain weight in wheat 

 

 

 

 
Figure 4.36. Residual and cumulative effect of Zinc fertilizer on wheat grain yield 
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Soil applied Zn also significantly (P≤0.05) affected GY in RP and CP for experimental 

year 2006-07. Maximum increase in GY was 9.7% (4169 kg ha
-1

) in RP with 12.5 kg Zn ha
-1

 

compared with control (3800 kg ha
-1

) during experimental year 2006-07, which was statistically 

at par with 7.5 kg Zn ha
-1

 (4094 kg ha
-1

) and 10.0 kg Zn ha
-1

 (4158 kg ha
-1

). In contrast, 

maximum GY in CP was 17.1% (4425 kg ha
-1

) with Zn at 10.0 kg Zn ha
-1

 compared with control 

treatment (3780 kg ha
-1

) for experimental year 2006-07. However, increase in GY was 

statistically at par with Zn at 12.5 kg Zn ha
-1

. Averaged across Zn treatments, there was 3.79% 

increase in GY in CP over RP for experimental year 2006-07. Overall, there was 1.60% 

reduction in GY in RP (2006-07) compared with RP of 2005-06. Conversally, GY was increased 

by 0.74% in CP (2006-07) compared with CP of 2005-06. 

 

There was also significant (P≤0.05) effect of Zn rates on wheat straw yield (SY) in RP 

and CP over control treatment for experimental year 2005-06 (Fig. 4.37; Appendix 12). There 

was 3.92, 8.10 and 8.42% increase in SY with 5.0, 7.5 and 10.0 kg Zn ha
-1

 in RP for 

experimental year 2005-06 compared with control treatment; thereafter it decreased with further 

increase in Zn rate (i.e. 12.5 kg Zn ha
-1

), but still SY was higher than zero level of Zn. Similar 

increase in SY in CP with Zn rates was also observed for experimental year 2005-06. Maximum 

increase in SY was 11.9% (7086 kg straw yield ha
-1

) in CP with 10.0 kg Zn ha
-1

 over control. 

However, this increase in SY was statistically at par with 12.0 kg Zn ha
-1

. Straw yield was 

increased by 4.1, 6.4, 7.9 and 7.6% with 5.0, 7.5, 10.0 and 12.5 kg Zn ha
-1

 in RP compared with 

control plot for 2006-07. However, SY for RP at 10.0 kg Zn ha
-1

 was statistically at par with 7.5 

and 12.5 kg Zn ha
-1

 for 2006-07. In CP, SY was increased by 6.1, 9.2, 12.3 and 12.2% with 5.0, 

7.5, 10.0 and 12.5 kg Zn ha
-1

 for experimental year (2006-07). Averaged across Zn treatments, 

SY was increased by 1.73% during 2005-2006 and 2.67% during 2006-2007 in CP compared 

with RP. Data (Appendix 8) also indicate that SY was decreased by 0.94% in RP for 2006-07 

compared with crop of 2005-06. No-doubt, there was increase in yield (grain and straw) of wheat 

from residual plot, but was also less than yield from cumulative plot. This indicates that residual 

effect of fertilizer is not equal and remained always less compared with continuous application of 

Zn fertilizer.  
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Figure 4.37 Residual and cumulative effect of Zinc fertilizer on wheat straw yield 
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These results are in accord with those of Hussain and Yasin (2004), who reported that 

GY was 6.1 and 7.0 t ha
-1

 in residual and cumulative application of 5.0 kg Zn ha
-1

. Khan et al. 

(2009) reported higher yields of wheat grains for residual and direct cumulative application of Zn 

fertilizer. Sammauria and Yadav (2008) also reported that yield of pearl millet (Pennisetum 

glaucum L.) in residual plot of Zn fertilizer under irrigated condition of north-west Rajastan. 

 

4.10.2. Cotton 

Data for SCY and its components differed significantly (P≤0.05) with Zn fertilizers for 

experimental year 2005 (see Table 4.44 and section 3.23.1). There was also a significant effect of 

Zn treatments on SCY and its components in RP and CP (Fig. 4.38; Appendix 13) for crop of 

2006. Seed cotton yield was increased by 5.9, 8.4, 7.4 and 7.1% with 5.0, 7.5, 10.0 and 12.5kg 

Zn ha
-1

, respectively in RP compared with control plot for 2006. Similarly, increase in SCY for 

CP was 8.2, 13.9, 10.6 and 10.1% with 5.0, 7.5, 10.0 and 12.5 kg Zn ha
-1

, respectively over 

control treatment. However, increase in SCY was 8.4 % (2717 kg ha
-1

) in RP with 7.5 kg Zn ha
-

1
compared with control was statistically at par with SCY from 5.0, 10.0 and 12.5 kg Zn ha

-1
. In 

CP, maximum increase in SCY was 13.9% (2875 kg ha
-1

) with 7.5 kg Zn ha
-1 

was statistically 

similar with SCY from 10.0 kg Zn ha
-1

. Averaged across Zn treatments, SCY was increased by 

3.3% in CP compared with RP for experimental year 2006.  

 

Number of bolls plant
-1

 and boll weight increased significantly (P≤0.05) with Zn 

treatments in RP and CP for experimental year 2006 (Fig. 4.39 and 4.40; Appendix 13). 

Maximum increase in number of bolls plant
-1

 was 8.3% (26) with 7.5 kg Zn ha
-1

 over control plot 

(24) in RP;
 
which was statistically at par with 5.0, 10.0 and 12.5 kg Zn ha

-1
. In contrast, 

maximum increase in number of bolls plant
-1 

was 20.8% (29) compared with control (24) in CP 

with 7.5 kg Zn ha
-1

; which was statistically at par with 10.0 kg Zn ha
-1

 for 2006. Over all, 

number of bolls plant
-1

 decreased by 5.9% in RP compared with CP. Maximum increase in boll 

weight was 12.0% (3.63g) with 7.5 kg Zn ha
-1

 over control in RP (2006).  In contrast, maximum 

increase in boll weight was 15.2% (3.71g) with 7.5 kg Zn ha
-1

 over control in CP (2006). Over 

all, boll weight was decreased by 1.4% in RP compared with CP.   
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Figure 4.38. Residual and cumulative effect of Zinc fertilizer on seed cotton yield (kg ha
-1

) 

 

 

 

 
Figure 4.39. Residual and cumulative effect of Zinc fertilizer on number of cotton bolls per plant 
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Figure 4.40. Residual and cumulative effect of Zinc fertilizer on cotton boll weight (g) 
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Available soil Zn in RP was 0.79 to 1.14 mg kg
-1

 (Fig. 4.47), which was considered as 

adequate for growth. The tissue Zn concentration in the youngest fully mature leaves was 16.1 to 

51.4 mg kg
-1

 in CP. This revealed the ability of plant to absorb Zn more efficiently, but the 

increased concentration of Zn within the plant parts over its requirements had no beneficial or 

injurious effect showing thereby luxury consumption (Singh and Abrol, 1985). The carry over 

effect of Zn on SCY can be substantiated by Zn leaf concentration, which was also in the 

adequate range (15-70 mg kg
-1

) as reported by Sabbe et al. (1972) and Rashid (2005). 

 

4.10.3. Zinc concentration 

4.10.3.1. Wheat 

Zinc treatments significantly (P≤ 0.05) affected Zn concentration in leaves in RP and CP 

for experimental years 2005-06 and 2006-07 (Fig. 4.41; Appendix 14). There was 18.7% more 

Zn in leaves in CP compared with RP for experimental year 2005-06. Zinc concentration at 

booting stage ranged from 18.0 to 35.0 mg kg
-1

 in RP and 17.5 to 43.0 mg kg
-1

 CP with 0.0 to 

12.5 kg Zn ha
-1

 for crop of 2005-06. Concentration of Zn in leaves for wheat of RP and CP with 

10.0 and 12.5 kg Zn ha
-1

 was statistically similar. Concentration of Zn in leaves at booting stage 

varied from 13.5 to 30 mg kg
-1 

in RP and 14 to 45.0 mg kg
-1

 in CP with 0.0 to 12.5 kg Zn ha
-1

 for 

crop of 2006-07. Averaged across Zn treatments, leaves of RP had 33.6% lower Zn than CP for 

experimental year 2006-07. Over all, leaves in RP (2006-07) had 19.9% less Zn concentration 

than that of RP for 2005-06; whereas 1.6% more Zn of leaf in CP for experimental year 2006-07 

compared with Zn of leaf in CP for experimental year 2005-06. 

 

Zinc rates significantly (P≤ 0.05) increased Zn concentration in straw in RP and CP for 

both years (Fig. 4.42; Appendix 14). Maximum increase in Zn concentration was 43.9 in RP and 

68.1% in CP with 12.5 kg Zn ha
-1

 compared with control for experimental year 2005-06. There 

was also a significant effect of Zn treatments on Zn of straw in RP and CP for exprimental year 

2006-07. Here, maximum increase in Zn concentration was 44.3% in RP and 84.8% in CP with 

12.5 kg Zn ha
-1

 compared with contrl treatment. For both experimental years Zn concentration 

with 12.5 kg ha
-1

 was statistically at par with 10.0 kg Zn ha-1. There was 10.0% more Zn in 

wheat straw of CP compared with Zn in straw of RP for 2005-06.  
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Figure 4.41. Residual and cumulative effect of Zinc fertilizer on Zn concentration in wheat flag 

leaves 

 

 

 
Figure 4.42. Residual and cumulative effect of Zinc fertilizer on Zn concentration in wheat straw 
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There was 21.9% more Zn in CP than RP for experimental year 2006-07. Over all, there 

was 7.41% less Zn concentration in straw for RP of 2006-07 compared with RP of 2005-06. In 

contrast, there was 3.2 % more Zn concentration of straw in CP during 2006-07 compared with 

Zn of straw in CP for experimental years 2005-06.  

 

Zinc fertilizer significantly (P≤0.05) increased Zn concentration of wheat grains in RP 

and CP for both years (Fig. 4.43; Appendix 14). Its concentration in grains ranged from 19.1 to 

34.8 mg kg
-1 

with zero to 12.5 kg Zn ha
-1

 in RP for experimental year 2005-06. Maximum 

increase in Zn concentration was 82.2% (34.8 mg kg
-1

) with 12.5 kg Zn ha
-1

 in RP compared 

with control (19.1 mg kg
-1

) for 2005-06. In CP, Zn in grains ranged from 1 8.4 to 36.7 mg kg
-1

 

with zero to 12.5 kg Zn ha
-1

 during 2005-06. There was an increase of 99.4% (36.7 mg kg 
-1

) in 

Zn of grains with 12.5 kg Zn ha
-1

 compared with control (18.4 mg kg
-1

) in CP for experimental 

year (2005-06). There was 3.6% (29.1 mg kg
-1

) more Zn in grains of CP compared with RP (28.1 

mg kg
-1

) for crop of 2005-06. For experimental year 2006-07, concentration of Zn in wheat 

grains ranged from 18.0 to 30.2 mg kg
-1

 with zero to 12.5 kg Zn ha
-1

 in RP for crop of 2006-07. 

Maximum increase in Zn concentration was 67.7% (30.2 mg kg
-1

) with 12.5 kg Zn ha
-1 

in RP 

compared with control (18.0 mg kg
-1

) for 2006-07.  

 

Zinc concentration of grains in CP varied from 17.2 to 38.4 mg kg
-1

 with zero to 12.5 kg 

Zn ha
-1

 for crop of 2006-07. Maximum increase in Zn concentration was 123.2% in CP over 

control with 12.5 kg Zn ha
-1

 for experimental year 2006-07. Overall, wheat grains in RP (24.78 

mg kg
-1

) of 2006-07 had 3.3% less Zn than that of RP (28.1 mg kg
-1

) of 2005-06. In contrast, 

there was 6.4% more Zn in grains from CP (30.96 mg kg
-1

) during 2006-07 compared with CP 

(29.1 mg kg
-1

) of 2005-06. 

 

4.10.3.2. Cotton 

Soil applied Zn significantly (P≤0.05) increased Zn concentration in leaves at flowering 

stage in RP and CP for experimental years 2005 and 2006 (Fig. 4.44; Appendix 15). It varied 

from 19.0 to 50.0 mg kg
-1 

with zero to 12.5 kg Zn ha
-1 

for experimental year 2005.  
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Figure 4.43. Residual and cumulative effect of Zn fertilizer on Zinc concentration in wheat 

grains 

 

 

 
Figure 4.44.Residual and cumulative effect of Zinc fertilizer on Zn concentration in cotton leaves 

 



 

211 

 

Zinc concentration was increased by 163.1% (50.0 mg kg
-1

) with 12.5 kg Zn ha
-1

 

compared with control (19.0 mg kg
-1

) treatment. For experimental year 2006, concentration of 

Zn in leaves ranged from 15.7 to 40.6 mg kg
-1

 with zero to 12.5 kg Zn ha
-1

 in RP for crop of 

2006. Maximum increase in Zn concentration was 158.5% (40.6 mg kg
-1

) with 12.5 kg Zn ha
-1 

in 

RP compared with control (15.7 mg kg
-1

) for crop of 2006. Likewise, Zn concentration in leaves 

in CP varied from 16.1 to 51.4 mg kg
-1

 with zero to 12.5 kg Zn ha
-1

 for crop of 2006. Average 

across Zn treatments, there was less Zn in RP (30.8 mg kg
-1

) compared with CP (40.16 mg kg
-1

) 

of 2006. In Arkansas, Sabbe et al. (1972) reported that adequate Zn was 20 to 72 mg kg
-1

 for 

sustainable cotton production. Results reported herein suggest that use of Zn fertilizer (5.0 to 

12.5 kg ha
-1

) build up the available Zn of soil (<0.5 mg kg
-1

 soil in the present studies), which 

increased significantly Zn concentration in leaves, grains and straw of wheat and leaves of cotton 

crop. Increase in Zn concentration in wheat and cotton plants with Zn fertilizer on calcareous 

soils was also reported by Takkar et al. (1975) and Khurana et al. (1996).  

 

4.10.4. Zinc uptake 

There was a significantly (P≤0.05) effect of Zn treatments on Zn uptake by wheat for 

both years (Fig. 4.45; Appendix 16). Maximum increase in Zn uptake was 78.2% during 2005-

2006 and 70.1% in RP with 12.5 kg Zn ha
-1

. Similarly, maximum increase in Zn uptake was 

107.6 and 123.2% in cumulative plots for 2005-06 and 2006-07. Averaged across Zn treatments, 

there was 5.9 % higher Zn during 2005-2006 and 15.6% higher Zn during 2006-2007 in CP 

compared with RP for wheat.  

 

Zinc treatments also significantly (P≤0.05) increased Zn uptake by cotton for both years 

(Fig. 4.46; Appendix 17). Maximum increase in Zn uptake was 57.2% with 12.5 kg Zn ha
-1

 

compared with control for 2005. However, this increase in Zn uptake was statistically at par with 

10.0 kg Zn ha
-1

. Zinc uptake was increased by 65.8% in RP and 104.8% in CP with 12.5 kg Zn 

ha
-1

 for the year 2006. These results are in accord with those of Takkar et al. (1975) and Khurana 

et al. (1996), who reported that Zn uptake increased by wheat and cotton crops with residual soil 

Zn in wheat-cotton rotation on a loamy sand soil. In another study, Singh and Abrol (1985) 

reported an increase in Zn uptake by rice and wheat in rice-wheat rotation with continuous use of 

Zn fertilizer. 
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Figure 4.45.Residual and cumulative effect of Zinc fertilizer on Zn uptake in wheat crop 

 

 

 

 
Figure 4.46. Residual and cumulative effect of Zinc fertilizer on Zn uptake in cotton crop 
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4.10.5. Zinc content in soil 

Soil applied Zn significantly (P≤ 0.05) affected available soil Zn level after harvesting of 

cotton and wheat crops (Fig. 4.47; Appendix 18). After harvest of cotton crop of 2005, Zn 

contents in soil were 0.48, 1.21, 1.48, 1.81 and 2.10 mg kg
-1

 with 0.0, 5.0, 7.5, 10.0 and 12.5 kg 

Zn ha
-1

, respectively. Use of 12.5 kg Zn ha
-1

 raised up soil Zn content by about 4-fold (2.10 mg 

Zn kg
-1

; 33.5%) over initial soil Zn content (<0.5 mg Zn kg
-1

 before application of Zn 

treatments). There was a gradual reduction in Zn content in soil in residual plot after harvesting 

of three successive crops [i.e. two wheat (2005-06 and 2006-07) and cotton (2006) crops]. 

Similarly, after the harvest of wheat (2005-06) from RP, available soil Zn was 0.39 to 1.83 mg 

kg
-1

 in RP plots with zero, 5.0, 7.5, 10.0 and 12.5 kg Zn ha
-1

. Overall, 18.3% decrease in soil Zn 

(1.16 mg kg
-1

) was noted after wheat (2005-06) in RP compared with (1.42 mg Zn kg
-I
) in cotton 

(2005). Similarly, average across Zn treatments there was 26.7% decrease in Zn soil status (0.85 

mg kg
-1

) was observed after cotton (2006) in RP with compare to (1.16 mg Zn kg
-1

) in Wheat 

(2005-06) RP. However, average across Zn treatments, after the harvest of wheat (2006-07) from 

RP the decrease in Zn soil status (0.54 mg kg
-1

) was observed up to 36.4% with compare to 

cotton (2006) RP (0.85 mg kg
-1

). It is worth to mentioning here that in all Zn rates, the residual 

available Zn decreased after the harvest of every crop (Fig. 4.47; Appendix 14), however, this 

decrease was inconsistent. The decrease in available Zn may also be attributed to adsorption and 

precipitation into compounds of Zn lower solubility (Lindsay 1972a; Li et al., 1991). Similarly, 

Ma and Uren (2006) reported long term aging decreased the availability of soil added Zn. Boawn 

(1974) reported a more rapid reduction in the available soil Zn on the calcareous soil with 

compare to non-calcareous. Continuous application of Zn increased the available Zn significantly 

in CP plots when compared with un-treated check (Fig. 4.48). Applied Zn at different levels 

increased the DTPA-extractable Zn from 2.11 to 2.58 mg kg
-1

 after the harvest of last wheat 

(2006-07) across the treatments (5.0 to 12.5 kg Zn ha
-1

). Similar findings were made by Singh 

and Abrol (1985) by continuous application of Zn to each rice and wheat crops. 
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Figure 4.47. Residual effect of Znic fertilizer on DTPA-extractable soil Zn in cotton and wheat 

fields 
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Figure 4.48. Cumulative effect of Znic fertilizer on DTPA-extractable soil Zn in cotton and 

wheat fields 
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CHAPTER 5 

SUMMARY 

 

Permanent layout field experiments were conducted during 2004 and 2005 to establish 

critical boron (B) and zinc (Zn) levels for cotton (Gossypium hirsutum L.) cv. CIM-473. Field 

experiments were also conducted to study the residual and cumulative effect of B and Zn 

fertilizers during 2005-07 for wheat and cotton in a cotton-wheat cropping system. The soil at 

experimental site (longitude: 71
o
, 30.79′ E; latitude: 31

o
, 16.4′ N; altitude of 128 m) is silt loam 

(coarse silty, hyperthermic, Typic Haplocambid). Boron was applied @ control (0.0), 1.0, 1.5, 

2.0, 2.5 and 3.0 kg B ha
-1

 in the form of borax (10.8% B) along with basal dose of N, P and K 

was applied to cotton crop for experimental years 2004 and 2005. Similarly, Zn @ control (0.0), 

5.0, 7.5, 10.0 and 12.5 kg Zn ha
-1

 in the form of zinc sulphate (21.0% Zn) was applied to cotton 

for experimental years 2004 and 2005. After harvesting of cotton crop of 2005, the experimental 

plots were sub-divided into two equal portions. Boron and Zn fertilizers were not applied in one 

of the sub-plots to assess the residual effect of initially applied fertilizers (applied once to 2005 

cotton crop); whereas in the other sub-plot, the respective doses of B and Zn as mentioned above 

were also applied to wheat (2005-06), cotton (2006) and wheat (2006-2007) for cumulative 

study. A pot experiment was also conducted in wire-house to determine the toxic levels of B for 

cotton crop. For this, B @ control (0.0), 0.5, 1.0, 2.0, 3.0, 5.0, 10.0, 15.0, 20.0 and 25.0 mg kg
-1

 

of soil was added before the sowing of cotton crop. The results are being summarized on average 

of two experimental years. 

 

1. Effect of boron on cotton crop 

Boron fertilizer significantly (P≤0.05) improved main stem height, number of nodes on 

main stem and internodal length, number of bolls plant
-1

, boll weight, seed index and seed cotton 

yield for both experimental years 2004 and 2005. The partitioning of dry matter yield (DMY) 

into reproductive and vegetative parts were significantly (P≤0.05) increased with B treatments. 

Average across years, maximum increase in reproductive vegetative ratio (RVR) was 68.9% with 

2.0 kg B ha
-1

 compared with control treatment. On an average, fruit shedding was around 66% 
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with 2.0 kg B ha
-1

 and 73% without B fertilizer. Seed cotton yield was increased by 14.5% with 

2.0 kg B ha
-1

 compared with control plot.
 
There was significant increase in photosynthetic rate, 

transpiration rate, stomatal conductance, membrane integrity and chlorophyll content (SPAD) 

with B fertilizer. Water use efficiency (WUE) was increased by 10.3% over control with 3.0 kg 

B ha
-1

. Protein and oil contents were increased by 3.70% and 1.9% with 2.5 kg B ha
-1

 compared 

with control treatments. Concentration of N, P, K, Ca, Mg, B, Cu, Fe, Mn and Zn in leaves 

showed significant (P≤0.05) variations with B levels and age of plant. There were significant 

increases in N, P K, B, Cu, Fe and Zn concentrations in leaves, stems, burs, seed and lint with 

increasing levels of B fertilizer. In contrast, concentration of Ca, Mg and Mn decreased with B 

fertilizer in leaves, stems, burs, seed and lint. 

 

A plot of mature (old) leaves B concentration versus percent relative SCY revealed that B 

concentration for 95% of maximum yield was 46.0, 56.0 and 43.0 mg B kg
-1

 at 30, 60 and 90 

DAP. Similarly, plot for young (new) leaves B concentration versus percent relative SCY 

indicated that B concentration for 95% of maximum yield was 38.0, 43.0 and 35.0 mg B kg
-1

 at 

30, 60 and 90 DAP. It was observed that B concentration in soil for 95% of maximum SCY was 

0.52 mg B kg
-1

 soil. Accordingly, B fertilizer requirement was 1.1 kg B ha
-1

 for sustainable SCY 

production. Highest value cost ratio (VCR) was 12.3:1 with 1.0 kg B ha
-1

 compared with 9.8:1 

with 1.5 kg B ha
-1

.  

 

2. Effect of zinc fertilizer on cotton crop 

Zinc fertilizer in cotton significantly (P≤0.05) promoted main stem height, number of 

nodes on main stem and internodal length, number of boll plant
-1

, boll weight, SI and SCY for 

both experimental years 2004 and 2005. The RVR was greatly improved with Zn fertilizer, 

which resulted in higher production of SCY. Average across years, increase in RVR was 52%. 

Fruit shedding was 65% with 7.5 kg Zn ha
-1

 and 70% without Zn use. Seed cotton yield was 

increase by 12% at 7.5 kg Zn ha
-1

 over control treatment. Photosynthetic rate, transpiration rate, 

stomatal conductance, intercellular CO2, membrane integrity and chlorophyll content was 

significantly improved with Zn fertilizer. Average across years, water-use-efficiency (WUE) was 

improved by 33% with 12.5 kg Zn ha
-1

. This suggests that addition of Zn fertilizer in arid 

environment may be beneficial by improving WUE. Protein and oil contents were increased with 
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Zn nutrition up to 7.5 kg Zn ha
-1

. Also, Zn fertilization improved oil quality by increasing ratio 

of un-saturated fatty acids to saturated fatty acids (3.1% with 7.5 kg Zn ha
-1

 compared with 

control treatment). Concentration of N, P, K, Ca, Mg, B, Cu, Fe, Mn and Zn in leaves showed 

significant (P≤0.05) variations with Zn rates and age of plant. The N, K, B and Zn concentrations 

in leaves, seed, stems, burs and lint were increased with Zn rates; whereas concentrations of P, 

Ca, Mg, Cu, Fe and Mn were decreased. Fertilizer Zn requirement associated with near-

maximum (95% of maximum) SCY was 5.0 kg Zn ha
-1

. Concentration of Zn in soil for 95% of 

maximum relative SCY was 0.72 mg Zn kg
-1

 soil. The internal Zn requirement in fourth leaf 

(blades) from top on main stem, associated with near-maximum (95% of maximum) relative 

SCY was 36.0 mg kg
-1

.  

 

3. Residual and cumulative effects of boron and zinc fertilizers on wheat and cotton crops  

Wheat grain yield (GY) was increased by 9.1 and 9.3%; 10.9 and 11.8% in residual (RP) 

and cumulative (CP) plots with 3.0 kg B ha
-1

 over control plots for experimental years 2005-06 

and 2006-07, respectively. There was 11.5% increase in RP and 12.4% increase in CP of wheat 

straw yield (SY) with 2.5 kg B ha
-1

 over control plots for 2005-06. Similarly, SY was increased 

by 11.0 and 13.9% with 3.0 kg B ha
-1

 in RP and CP compared with control plots for crop 2006-

07. Boron treatments significantly (P≤0.05) affected plant height. There was 10.3 and 11.3%; 

13.2 and 16.5% increase in plant height in RP and CP with 2.5 kg B ha
-1

 over control plots, 

respectively for 2005-06 and 2006-07. Maximum increase in number of tillers m
-2

 was 8.1 and 

4.6%; 8.2 and 10.3% in RP and CP with 3.0 kg B ha
-1

 compared with un-treated plots for both 

2005-06 and 2006-07 years, respectively. There were 6.7 (36.4 vs. 34.1 g) and 4.4%; 15.7 (39.1 

vs. 33.8 g) and 13.3% increases in 1000-grain weight in RP and CP, respectively with 2.5 kg B 

ha
-1

 for 2005-06 and 2006-07. Maximum increase in spike length was 8.0 in RP and 7.9% in CP, 

with 2.5 kg B ha
-1

 compared with control plot for experimental year 2005-06. Conversely, 

maximum increase in spike length was 6.1% in RP and 7.9% in CP with 3.0 kg B ha
-1

 compared 

with control plots for experimental year 2006-07. There were significant (P≤0.05) increases in B 

concentrations with B rates in wheat flag leaves (booting stage), straw and grains (at maturity) in 

RP and CP plots during 2005-06 and 2006-07. Over all, there was 6.9% less B concentration in 

leaves for RP (2006-07) compared with RP of 2005-06; whereas there was 4.9% more B in 

leaves in CP for 2006-07 compared with leaves of CP during 2005-06. There was 5.9 (2005-
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2006) and 15.6% (2006-2007) higher B in CP compared with RP for wheat. Overall, wheat of 

2005-06 had up taken 6.3% more B compared with B in RP for experimental year 2006-07.  

 

For cotton crop, uptake of B in RP varied from 180 to 235 and in CP 183 to 275 g ha
-1

 for 

2006. There was 16.6% more uptake of B in CP compared with RP for experimental year 2006. 

Maximum increase in number of bolls plant
-1

 was 13.6 and 27.3% with 1.5 and 2.5 kg B ha
-1 

over control in RP and CP, respectively for 2006. However, maximum increase in boll weight 

was 9.3% in RP and 12.9% in CP with 3.0 kg B ha
-1

 over control plots. Seed cotton yield was 

increased by 11.3 and 15.0% with 2.0 kg B ha
-1

 in RP and CP compared with control plots for 

experimental year 2006. Boron concentration in cotton leaves ranged from 44.0 to 59.0 mg kg
-1

 

and 43.0 to 72.0 mg kg
-1 

with zero to 3.0 kg B ha
-1 

in RP and CP for 2006. One time B 

application at 1.5 kg B ha
-1 

maintained B in soil above critical level (0.5 mg kg
-1

 soil) up to 

cotton crop of 2006 (3
rd

 crop). After the harvest of wheat crop of 2006-07, B in soil was > 0.5 

mg kg
-1

 with B from 2.5 to 3.0 kg ha
-1

. Continuous use of B fertilizer significantly (P≤0.05) 

increased soil available B in CP. The HCl-extractable B was > 0.7 mg kg
-1

 with 1.0 to 3.0 kg B 

ha
-1

 in CP after the harvest of last wheat crop (2006-07). 

 

Wheat grain yield (GY) was increased by 10.4 and 12.5%; 9.7 to 16.3% with 12.5 kg Zn 

ha
-1

 in RP and CP over control, respectively for experimental years 2005-06 and 2006-07. There 

was 8.4 and 11.9%; 7.9 and 12.3% increase in SY with 10.0 kg Zn ha
-1

 in RP and CP, 

respectively for both years. Number of tillers m
-2

 was increased by 7.8 and 9.9% in RP and CP 

with 12.5 kg Zn ha
-1 

and 10.0 kg Zn ha
-1

 compared with control plot for 2005-06. Similarly, 

maximum increase in number of tillers m
-2

 was 7.8 and 14.7% with 10.0 and 12.5 kg Zn ha
- 1

 in 

RP and CP over control for 2006-07. There was significant increase in plant height, spike length 

and 1000-grain weight with Zn fertilizer in RP and CP for both years. There was 18.7% more Zn 

in leaves of wheat in CP compared with RP for experimental year 2005-06. Overall, wheat 

leaves in RP (2006-07) had 19.9% less Zn than that wheat of RP during 2005-06; whereas there 

was 1.6% more Zn of leaves in CP for 2006-07 compared with Zn of leaves in CP for 2005-06. 

Maximum Zn uptake by wheat crop was 261 and 230 g ha
-1

 with 12.5 kg Zn ha
-1

 and minimum 

was 147 and 134 g ha
-1

 in control plot in RP for 2005-06 and 2006-07, respectively. Maximum 
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Zn uptake by wheat was 230 and 306 with 12.5 kg Zn ha
-1

; whereas minimum was 135 and 137 g 

ha
-1

 compared with control plots in CP for 2005-06 and 2006-07.  

 

Uptake of Zn by cotton crop varied from 92.3 to 153 g ha
-1

 in RP and 94.0 to 193 g ha
-1

 

in CP for 2006. On an average, cotton in CP had 21.9% more Zn compared with RP for 

experimental year 2006. There were 8.3 and 20.8% increases in number of bolls plant
-1

 with 7.5 

kg Zn ha
-1

 over control plot in RP and CP for experimental year 2006. However, maximum 

increase in boll weight was 12.0 and 12.9% with7.5 kg Zn ha
-1

 compared with control plots in 

RP and CP for cotton of 2006. Seed cotton yield was significantly increased by 8.4 and 13.9% 

for RP and CP with 7.5 kg Zn ha
-1

compared with control for experimental year 2006. On an 

average, SCY was increased by 3.3% for CP compared with RP. Concentration of Zn in cotton 

leaves at flowering ranged from 15.7 to 40.6 and 16.1 and 51.4 mg kg
-1

 with 0.0 to 12.5 kg Zn 

ha
-1

 in RP and CP for experimental year 2006. The soil available Zn was more than the critical 

(<0.5 mg kg
-1

) with Zn at 7.5 to 12.5 kg ha
-1

 in RP after the harvest of three crops (wheat 2005-

06, cotton 2006, and wheat 2006-07). DTPA-extractable Zn was increased from 2.11 to 2.58 mg 

kg
-1

 after the harvest of last wheat with 5.0 to 12.5 kg Zn ha
-1. 

 

4. Boron toxicity in cotton crop 

Toxicity symptoms (yellowing and necrosis in patches between veins and tips and 

margins of leaves) first appeared on older leaves and then on younger leaves. Boron toxicity 

symptoms were started at 5.0 mg B kg
-1

 soil. There was 198 mg B kg
-1

 in leaves at appearance of 

B toxicity symptoms. Boron concentration in different plant parts at 60 DAP was in the order of: 

leaves > shoot > root. Dry matter yield significantly (P≤0.05) decreased beyond 2.0 mg B kg
-1

 

soil. Maximum DMY was 29.1 g pot
-1

 at 2.0 mg B kg
-1

 soil. Higher levels of B caused 

significant (P≤0.05) reduction in N, Ca
2+

, Mg
2+

, Mn
2+

, Zn
2+

 and Fe
2+

 contents; whereas P, K
+
 

and Cu
2+

 contents were significantly increased in leaves.  

 

5. Future perspective 

In the prevailing scientific era, there is a dire need to extend scientific information 

regarding B and Zn fertilization for site-specific nutrient management particularly in 
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calcareous alkaline soil with low SOM. Use of B and Zn fertilizers and management in cotton-

wheat cropping system may be adopted for other agronomic and horticultural crops. 

1. A comprehensive and detailed survey regarding soil B and Zn status in different 

agro-ecological regions may be carried out. 

2. Boron and Zn studies are needed to be conducted on salt degraded soils. 

3. Use of B and Zn fertilizers should be site specific and crop based. 

4. Residual and cumulative effects of B and Zn fertilizers may be tested for other 

agronomic and horticultural crops (fruit and vegetables). 

 



 

222 

 

LITERATURE CITED 

 

Abbas, G., M.Q. Khan, M. Jamil, M. Tahir and F. Hussain. 2009. Nutrient uptake, growth and 

yield of wheat (Triticum aestivum L.) as affected by zinc application rates. J. Agri. Biol. 

11: 389-396. 

Abid, M., N. Ahmed, A. Ali, M.A. Chaudhry and J. Hussain. 2007. Influence of soil-applied 

boron on yield, fiber quality and leaf boron contents of cotton (Gossypium hirsutum L.). 

J. Agri. Soc. Sci. 3: 7-10. 

Agbenin, J.O., G. Lombin and J.J. Owonubi. 1990. Direct and interactive effect of boron 

and nitrogen on selected agronomic parameters and nutrient uptake by cowpea 

(Vigna unguiculata L. Walp) under glass house conditions. Trop. Agric. 68: 356-

362. 

Agrawala, S.C., P.N. Sharma, C. Chatterjee and C.P. Sharma. 1981. Development and enzymatic 

changes during pollen development in boron deficient maize plants. J. Plant Nutr. 3:329-

336. 

Agulhon, H. 1910. Presence and utility of boron in plants. Ann. Inst. Pasteur (Paris) 24:321-329. 

Ahmad, N. 2000. Integrated nutrition management in Pakistan: status and opportunities. Proc. 

symp. “Integrated Plant Nutrition Management”: National Fertilizer Development Center, 

Islamabad, Pakistan. p. 1-337. 

Albert, L.S. and C.M. Wilson. 1961. Effect of boron on elongation of tomato root tips. Plant 

Physiol. 3: 244-251. 

Ali, A.H.N. and B.C. Jarvis. 1988. Effects of auxin and boron on nucleic acid metabolism and 

cell division during adventitious root regeneration. New Phytol. 108:384-391. 

Allison, L.E. and C.D. Moodie. 1965. Carbonate. p. 1379-1396. In: Black. C. A. (ed.). Methods 

of soil analysis, Part 2: Chemical and microbiological properties. Am. Soc. Agron 

Madison, WI, USA. 



 

223 

 

Alloway, B.J. 2006. Boron deficiency in crops: An international perspective. p.34. In: Rashid, A. 

(ed.). Boron deficiency in soils and crops of Pakistan: Diagnosis and Management. 

Pakistan Agricultural Research Council, Islamabad, Pakistan.  

Alloway, B.J. 2008. Micronutrient deficiencies in global crop production. 

Heidelberg,Germ,Springer Sciences+ Business Media.B.V.  

Alloway, B.J. and A.R. Tills. 1984. Copper deficiency in world crops. Outlook Agric. 13: 32-42. 

Alou, M.M. 1989. Effects of phosphorus and zinc nutrition and composition of the corn root and 

plasma membrane in relation to vesicular-arbuscular mycorrhiza formation. Ph.D. 

Dissertation. University of California, Riverside, CA, USA. 

Alpaslan, M. and A. Gunes. 2001. Interactive effects of boron and salinity stress on growth, 

membrane permeability and mineral composition of tomato and cucumber plants. Plant 

Soil 23:382-385. 

Alvarez-Tinaut, M.C. 1990. Correlations between boron and other micronutrients. In: 

Behavior, Function and Significance of Boron in Agriculture. Report on an 

International Workshop at St. John's College, Oxford, England. 23-25 July, 1990. 

Published by Borax Consolidated Limited, London. SW 1P 1H T, UK. 

Amer, F., A.I. Rezk and H.M. Khalid. 1980. Fertilizer efficiency in flooded calcareous soils. Soil 

Sci. Soc. Am. J. 44: 1025-1030. 

Ananda Naik, K.G., G.R. Manure and M.K. Badiger. 1993. Yield of castor by fertilizing with 

phosphorous, sulphur and boron. J. Indian Soc. Soil Sci. 41: 686-688. 

Anderson, O.E. and K. Ohki. 1972. Cotton growth response and B distribution from foliar 

application of B. Agron. J. 64: 665-667. 

Anderson, O.E. and F.E. Boswell. 1968. Boron and manganese effects on cotton yield, lint 

quality, and earliness of harvest. Agron. J. 60:488-493. 

Anderson, O.E. and R.E. Worthington. 1971. Boron and manganese effects on protein, oil 

contentand fatty acid composition of cottonseed. Agron. J. 63:566-568. 



 

224 

 

Anonymous. 1986. User‟s guide: A microcomputer program for the design management and 

analysis of agronomic research experiments. Michigan State Univ., East Lansing, MI, 

USA. 

Anonymous. 1998. Micronutrients in agriculture. Pakistan perspective. National Fertilizer 

Development Center, Islamabad, Pakistan. p.51.  

Anonymous. 2010. Agriculture. Economic Survey 2009-2010. Government of Pakistan, Finance 

Division, Economic Advisor‟s Wing, Islamabad. Pakistan. p. 13-27. 

AOAC .1985. Official Methods of Analysis, 14
th

 ed. Association of Official Analytical 

Chemists, Arlington, VA, USA. 

Armour, J.D. and R.F. Brennan. 1999. Zinc. p. 281-285. In: Peverill, K.I., L.A. Sparrow and 

D.J. Reuter (eds.). 'Soil analysis: an interpretation manual'. CSIRO Publ. Melbourne, 

Australia. 

Arnold, P.W., G.A. Fleming, S.P. McGrath, W. Podlesak and M. Sillanpaa. 1991. Boron in the soil. p. 

1-5 In: Shorrocks, V. M. (ed.). Behaviour, function and significance of boron in agriculture. Borax 

Consolidated Ltd. Chessington, UK. 

ASTM (American Society for Testing Materials) Committee. 1997. Standard test method for 

measurement of cotton fibres by Spinlab Uster High Volume Instrument (HVI). ASTM 

designation D-4605-86. Am. Soc. for Testing and Materials. Philadelphia, USA. 

Ateeque, M., G.U. Malewar and S. D. More. 1993. Influence of phosphorous and boron on yield 

and chemical composition of sunflower. J. Indian Soc. Soil Sci. 41: 100-102.  

Aubert, H. and M. Pinta. 1977. Trace elements in soils. Elesvier, Amestedam. The Netherlands. 

Babhulkar, P.S., K. Danish, W.P. Badole and S.S. Balpande. 2000. Effect of sulphur and zinc on 

yield, quality and nutrient uptake by safflower in a Vertisol. J. Indian Soc. Soil Sci. 48: 

541-543. 

Baker, D.E. and M.C. Amacher. 1982. Nickle, copper, zinc and calcium. p. 323-334. In: Page, 

A.L. (ed.). Methods of Soil Analysis. Part 2. Chemical and Microbiological Properties; 

Amer. Soc. of Agron. Madison, WI, USA. 



 

225 

 

Bansal, K.N. and K.C. Patel. 1986. Effect of sources and levels of zinc on the yield and 

composition of rice (Oryza sativa L.) on Alfisol under field conditions. J. Agron. Crop 

Sci. 157: 24-30. 

Bansal, R.L., P.N. Takar, A.L. Bhandari and D.S. Rana. 1990. Critical level of DTPA extractable 

Zn for wheat in alkaline soils of semiarid region of Punjab, India. Nutr. Cycl. 

Agroecosys. 21: 163-166. 

Barber, S.A. 1962. A diffusion and mass-flow concept of soil nutrient availability. Soil Sci. 93: 

39-49. 

Barber, S.A., J.M. Walker and E.H. Vasey. 1963. Mechanisms for the movement of plant nutrients 

from the soil and fertilizer to the plant root. Agri. and Food Chem. 11: 204-207. 

Barrow, N.J. 1986. Testing a mechanistic model II. The effects of time and temperature on the 

reaction of zinc with a soil. J. Soil Sci. 37:267-275. 

Bar-Yosef, B., S. Fishman and H. Talpaz. 1980. A model of Zn movement to single roots in soil. 

Soil Sci. Soc. Am. J. 44: 1272-1279. 

Batey, T. 1971. Manganese and boron deficiency. p. 137-148. In: Trace elements in soils 

and crops. Tech. Bull. 21. Her Majesty's Stationery Office, London.  

Bauer, A. 1971. Considerations in the development of soil tests for available zinc. Comm. Soil Sci. 

Plant Anal. 2: 161-193. 

Bell, R.W., B. Dell and L. Huang. 2004. Importance of micronutrients for crop nutrition. p. 17. 

In: International Fertiliser Industry Association Symposium on Micronutrients'. (IFIA: 

New Delhi, India). (WA: www.fertiliser.org) 

Bell, R.W., B. Rerkasem, P. Keerati-Kasikorn, S. Phetchawee, N. Hiranburana, S. Ratanarat, P. 

Pongsakul and J.F. Loneragan. 1990. Mineral nutrition of food legumes in Thailand with 

particular reference to micronutrients. ACIAR Technical Report Series No. 16, p. 52. 

Bell, R.W., D.G. Adwards and C.J. Asher. 1989. Effects of calcium supply on uptake of calcium 

and selected mineral nutrients by tropical food legumes in solution culture. Aust. J. 

Agric. Res. 40: 1003-1014. 

Benedict, C.R. 1984. Physiology. p 151-200. In: Kohel, R.1. and C.F. Lewis (eds.). Cotton. 



 

226 

 

Monogr. 24, Am. Soc. Agron., Madison, WI, USA. 

Bennet, W.F. 1993. Nutrient deficiencies and toxicities in crop plants. APS Press, St. Paul, MN, 

USA. 

Berger, K.C. 1949. Boron in soils and crops. Adv. Agron. 1: 321-351. 

Bergmann, W. 1992. Nutritional disorders of plants - development, visual and analytical 

diagnosis. Gustav Fischer Verlag, Jena, Stuttgart, NY, USA.  

Bhatti, A.U., K.C. Berger and J. Ryan. 1982. Available zinc status of Lebanese soils. Iran Agri. Res. 

1: 41-47. 

Bidwell, A.M. and R.H. Dowdy. 1987. Cadmium and zinc availability to corn following 

termination of sewage sludge applications. J. Environ. Qual. 16: 438-442. 

Biggar, J.W. and M. Fireman. 1960. Boron adsorption and release by soils. Soil Sci. Soc. Am. 

Proc. 24: 115-120. 

Bingham, F.T. 1982. Boron. p. 431-448. In: Page A. L: (ed.). Methods of Soil Analysis. Part II; 

Chemical and Microbiological Properties. Am. Soc. Agron. Madison, WI, USA. 

Bingham, F.T., A.L. Page, N.T Coleman and K. Flach. 1971. Boron adsorption characteristics of 

selected soils from Mexico and Hawaii. Soil Sci. Soc. Am. J. 35: 546-550. 

Birnbaum, E.H., C.A. Beasley and W.M. Dugger. 1974. Boron deficiency in unfertilized cotton 

(Gossypium hirsutum L.) ovules grown in vitro. Plant Physiol. 54: 931-935. 

Blaser-Grill J, D. Knoppik, A. Amberger, H. Goldbach .1989. Influence of boron on the membrane 

potential in Elodea densa and Helianthus annuus roots and H
+
extrusion of suspension 

cultured Daucus carota cells. Plant Physiol. 90: 280-284. 

Blevins, D.G. and K.M. Lukaszewski. 1998. Boron in plant structure and function. Annu. Rev. 

Plant Physiol. Plant Mol. Bio. 49: 481-500. 

Blevins, D.G., C.L. Scrivner, T.M. Reinbott and M.K. Schon. 1995. Foliar boron increases berry 

number and yield of two high bush blueberry cultivars in Missouri. J. Plant Nutr. 19: 99-

113. 



 

227 

 

Bloesch, P.M., L.C. Bell and J.D. Hughes. 1987. Adsorption and desorption of boron by 

goethite. Aust. J. Soil Res. 25: 377-390. 

Boawn, L.C. 1973 Comparison of zinc sulphate and zinc-EDTA as zinc fertilizer sources. Soil 

Sci. Soc. Am. Proc. 37: 111-115. 

Boawn, L.C. 1974. Residual availability of fertilizer zinc. Soil Sci. Soc. Amer. Proc. 38: 800-

803. 

Bolanos, L., E. Esteban, C. de Lorenzo, M. Fernandez- Pascual, M.R. de Felipe, A. Garate and I. 

Bonilla. 1994. Essentiality of boron for symbiotic dinitrogen fixation in pea (pisum 

sativum) Rhizobium nodules. Plant Physiol. 104: 703-714. 

Bonnet, M., O. Camares and P. Veisseire. 2000. Effect of zinc and influence of Acremonium lolii 

on growth parameters, chlorophyll a fluorescence, and antioxidant enzyme activities of 

ryegrass (Lolium perenne L. cv Apollo). J. Exp. Bot. 51: 945-953. 

Bould, C., E.J. Hewitt and P. Needham. (eds.). 1984. Diagnosis of Mineral Disorders in Plants. Vol. 1. 

Principles. HMSO: London, UK. 

Bowen, J.E. 1972. Effects of environmental factors on water utilization and B accumulation and 

translocation in sugarcane. Plant Cell Physiol. 13: 703-714. 

Bowen, J.E. 1981. Micro-element nutrition of sugarcane. I. Interaction in microelements 

accumulation. Trop. Agric. 58: 215-220. 

Bradford, G.R. 1966. Boron. p 33-61. In: Chapman, H.D. (Ed.). Diagnostic Criteria for Plants 

and Soils. University of California, Division of Agricultural Sciences: Riverside, USA. 

Brar, M.S. and G.S. Sekhon. 1988. Leaf analysis as a guide to the nutritional status of cotton 

grown in Punjab. J. Cotton Res. Dev. 2: 12-17. 

Brenchley, W.E. and K. Warington. 1927. The role of boron in growth of plants Ann. Bot. 41: 

167-187. 

Brennan, R.F. and J.F. McGrath. 1988. The vertical movement of zinc on sandy soils in southern 

Western Australia. Aust. J. Soil Res. 26: 211-216. 

Brouder, S.M. and K.G. Cassman. 1990. Root development of two cotton cultivars in relation to 

potassium uptake and plant growth in a vermiculite soil. Field Crops Res. 23: 187-203. 



 

228 

 

Brown, A.L., B.A. Krantz and P.E. Martin. 1962. Plant uptake and fate of soil applied zinc. Soil 

Sci. Soc. Am. Proc. 26: 167-170. 

Brown, P.H. and H. Hu. 1994. Boron uptake by sunflower, squash and cultured tobacco cells. 

Physiol. Plant 91: 435-441. 

Brown, P.H. and B.J. Shelp. 1997. Boron mobility in plants. Plant Soil. 193:85-101. 

Brown, P.H., I. Cakmak and Q. Zhang. 1993. Forms and function of zinc in plants. p. 93-106. In: 

Robson, A. D. (ed.). Zinc in soils and plants. Kluwer Acad. Publ., Dordrecht, The 

Netherlands. 

Brown, P.H., N. Bellaloui, M.A. Wimmer, E.S. Bassil, J. Ruiz, H. Hu, H. Pfeffer, F. Dannel and 

V. Romheld. 2002. Boron in plant biology. Plant Biol. 4: 205-223. 

Brune, A.K and K.J. Dietz. 1995. A comparative analysis of element composition of roots and 

leaves of barley seedlings grown in the presence of toxic cadmium, molybdenum, nickel 

and zinc concentrations. J. Plant Nutr. 18: 853-868. 

Cakmak, I. 2000. Possible roles of zinc in protecting plant cells from damage by reactive  oxygen 

species. New Phytol. 146: 185-205. 

Cakmak, I. and C. Engles. 1999. Role of mineral nutrients in photosynthsis and yield 

formation.p.141-168. In: Rengel, Z. (ed.) Mineral nutrition of crops: mechanism and 

implications.The Haworth Press, NY, USA. 

Cakmak, I. and H. Marschner .1988b. Zinc dependent changes in ESR signals. NAADPH 

oxidase and plasma membrane permeability in cotton roots. Physiol. Plant. 73: 132-

186. 

Cakmak, I. and H. Marschner. 1986. Mechanism of phosphorus-induced zinc deficiency in 

cotton. I. Zinc deficiency enhanced uptake rate of phosphorus. Physiol. Plant. 68: 483-

490. 

Cakmak, I. and H. Marschner. 1988a. Increase in membrane permeability and exudation in roots 

of Zn deficient plants. J. Plant Physiol. 132: 356-361. 

Cakmak, I. and H. Marschner. 1988c. Enhanced superoxide radical production in roots of 

Zn deficient plants. Expt. Ent. 39: 1449-1450. 



 

229 

 

Cakmak, I. and H. Marschner. 1993. Effect of zinc nutritional status on activities of super oxide 

radical and hydrogen peroxide scavenging enzymes in bean leaves.Plant Soil 155/156: 

127-130. 

Cakmak, I. and Q. Zhang .1993. Form and function of zinc in plants. p. 93-106. In: A.D. 

Robson. (ed.) Zinc in soils and plants.
 

Kluwer Acad. Publ.: Dordrecht, The 

Netherlands. 

Cakmak, I. and V. Römheld. 1997. Boron deficiency-induced impairments of cellular functions 

in plants. Plant Soil 193: 71-83. 

Cakmak, I., H. Kurz, and H. Marschner. 1995. Short-term effects of boron, germanium and high 

light intensity on membrane permeability in boron deficient leaves of sunflower. Physiol. 

Plant. 95: 11-18. 

Cakmak, I., H. Marschner and F. Bangerth. 1989. Effect of zinc nutrition status on growth, protein 

metabolism and level of indole-3 acetic acid and other phytohormones in bean (Phaseolus 

vulgaris L.). J. Exp. Bot. 40: 405-412. 

Cakmak, I., M.H. Kalayci, H. Ekiz, J. Braun, Y. Kilinc and Y. Yilmaz. 1999. Zinc deficiency as 

a practical problem in plant and human nutrition in Turkey: a NATO-science for stability 

project. Field Crops Res. 60: 175-188. 

Carpena-Artes, O. and R.O. Carpena-Ruiz. 1987. Effects of boron in tomato plant leaf. 

evaluations. Agrochimica. 31: 391-400. 

Cartwright, B., B.A. Zarcinas and A.H. Mayfield. 1984. Toxic concentrations of B in arid-brown 

earth at Gladstone, South Australia. Aus .J. Soil Res. 2: 261-272. 

Cassman, K.G. 1993. Cotton. p.111-118. In: Bennet, W. F. (ed.). Nutrient deficiencies and 

toxicities in crop plants. ASP Press, Amer. Phtopath. Soc., St. Paul, Minnesota, USA. 

Ceyhan, E., M. Önder , O, Öztürk, M. Harmankaya, M.  Hamurcu and S. Gezgin. 2008. Effects 

of application boron on yields, yield component and oil content of sunflower in boron-

deficient calcareous soils. Af. J. Biotech. 7: 2854-2861. 

Chandler, W.H., D.R. Hoaglands and P.L. Hibbard. 1931. Little leaf or rosette in fruit trees. Proc. 

Am. Soc. Hort. Sci. 28: 556-560. 



 

230 

 

Chapman, V.J. 1997. Boron nutrition of winter crops with particular reference to boron toxicity. 

Ph D. Thesis. Univ. Queensland, Brisbane, Australia. 

Chatterjee, C., P. Sinha and S.C. Agarwala. 1990. Interactive effect of boron and 

phosphorus on growth and metabolism of maize grown in refined sand. Can. J. 

Plant Sci. 70: 455-460. 

Chaudhry F.M., J.F. Loneragan, A. Latif and R.H. Qureshi. 1973. Zinc-copper antagonism in 

the nutrition of rice (Oryza sativa L.). Plant Soil 38: 573-580. 

Chaudhry, A.U. and M. Sarwar. 1999. Optimization of nitrogen fertilization in cotton 

(Gossypium hirsutumL.). Pak. J. Biol. Sci. 2: 242-243. 

Chaudhry, F.M. and J.F. Loneragan. 1972. Zinc absorption by wheat seedlings: I. 

Inhibition by macronnutient ions in short term studies and its relevance to long term 

zinc nutrition. Soil Sci. Soc. Am. Proc. 36: 323-327. 

Chaudhry, R.A., M. Akram, K.H. Gill and M.A. Qazi. 2001. Zinc requirement of wheat crop. 

Pak. J. Soil Sci. 20: 110-111. 

Chaudhry, T.M. and G.R. Hisiani. 1970. Effect of boron on the yield of seed cotton The Pakistan 

Cottons 1: 13-15. 

Chaudhry. F.M., A. Latif, A. Rashid and S.M. Alam. 1978. Response of the rice varieties of field 

application of micronutrient fertilizers. Pak. J. Sci. and Indus. Res. 19: 134-139. 

Cheng, C. and B. Rerkasem. 1993. Effects of boron on pollen viability in wheat. Plant Soil 

155/156: 313-315. 

Chvapil, M. 1973. New aspects in the biological role of zinc: A stabilizer of macromolecules and 

biological membranes. Life Sci. 13: 1041-1049. 

Clark, A.L. and E.R. Graham. 1968. Zinc diffusion and distribution coefficients in soil as 

affected by soil texture, zinc concentration and pH. Soil Sci. 105: 409-418. 

Clark, R.B. 1975. Mineral element composition of corn plant parts with age. Commun. Soil Sci. 

Plant Anal. 6: 451-464. 

Cohen, M.S. and R.Jr. Lepper. 1977. Effect of boron on cell elongation and division in squash 

roots. Plant Physiol. 59: 884-887. 



 

231 

 

Coleman, J.E. 1992. Zinc protein: enzymes, storage protein, transcription factor, and replication 

protein. Ann Rev Biochem. 61: 897-946. 

Coleman, R. 1945. Yield and quality of cotton can be improved by boron. Better Crops with 

Plant Food. 29:18-20, 48-50. 

Communar, G. and R. Keren. 2006. Rate-limed transport of boron in soils: the effect of soil 

texture and solution pH. Soil Sci. Soc. Am. J. 70: 882-892. 

Communar, G., R. Keren and F.H. Li. 2004. Deriving boron adsorption isotherms from soil 

column displacement experiments. Soil Sci. Soc. Am. J. 68: 481-488. 

Constable, G.A., I.J. Rochester and J.B. Cook. 1988. Zinc, copper, iron, manganese and boron 

uptake by cotton on cracking clay soils of high pH. Aust. J. Expt. Agri. 28: 351-356.  

Couch, E.L. and R.E. Grim. 1968. Boron fixation by illites. Clays Clay Miner. 16: 249-256. 

Cramer, G.R., E. Epstein and A. Lauchi. 1991. Effects of sodium, potassium and calcium on salt 

–stressed Barley. ll. Elemental analysis. Physiol. Plant. 81: 197-202. 

Crozat, Y., V. Judais and P. Kasemsap. 1999. Age-related abscission patterns of cotton fruiting 

forms: timing of the end of abscission susceptibility in relation to water content and 

growth of the boll. Field Crops Res. 64: 261-272. 

de Franca, F.P., A.P.M. Tavares and A.C.A. da Costa. 2002. Calcium interference with 

continuous biosorption of zinc by Sargassum sp. (phaeophyceae) in tubular laboratory 

reactors. Bioresource Tech. 83: 159-163. 

de Oliveira, R.A., C.R.D.Milanez, M.A. Mores-Dllaque and C.A. Rosolem. 2006. Boron 

deficiency inhibits petiole and peduncle cell development and reduces growth. J. 

Plant Nutr. 29: 2035-2048. 

Dear, B.S. and J. Lipsett. 1987. The effect of boron supply on the growth and seed production of 

subterranean clover (Trifolium subterraneum L.) Aust. J. Agric. Res. 38: 537-546. 

Dell, B. and L. Huang. 1997. Physiological response of plants to low boron. Plant Soil 193: 103-

120. 



 

232 

 

Dell, B., L. Huang and R.W. Bell. 2002. Boron in plant reproduction. p 103-117. In: Goldbach et 

al (eds.) Boron in plant and animal nutrition. Kluwer Academic/Pledum Publishers, N Y, 

USA. 

Dewal, G.S. and R.G. Pareek. 2004. Effect of phosphorus, sulphur and zinc on growth, yield and 

nutrient uptake of wheat (Triticum aestivum L.). Indian J. Agron. 49: 160-162. 

Donald, L. 1964. Nutrient deficiencies in cotton. p. 59-98. In: Sprague, H. B. (ed.) Hunger signs 

in crops 3
rd

. ed.: David Mckay Co. NY, USA. 

Dongale, J.H. and G.K. Zande. 1977. Residual effect of micronutrients applied to ground nut 

crop on the grain yields of succeeding wheat crop. Indian J. Agron. 22: 110-116. 

Dordas, C. 2006a. Foliar boron application affects lint and seed yield and improves seed quality 

of cotton grown on calcareous soils. Nutr. Cycl. Agroecosys. 76: 19-28. 

Dordas, C. 2006b. Foliar boron application improves seed set, seed yield, and seed quality of 

alfalfa (Medicago sativa L.). Agron. J. 98: 907-913. 

Drossopoulos, J.B., D.L. Bouranis and B.D. Bairakatari. 1994. Patterns of mineral fluctuations in 

soybean leaves in relation to their position. J. Plant Nutr. 17: 1017-1035. 

Dursun, A., T. Metin, E. Melek, G. Adem, A. Nizamettin, E. Aslihan and Y. Ertan. 2010. Effects 

of boron fertilizer on tomato, pepper, and cucumber yields and chemical composition. 

Commun. Soil Sci. Plant Anal. 41: 1576-1593. 

Eaton, F.M. 1950. Signifiance of carbonates in irrigation waters. Soil Sci. 69:123-133. 

Eaton, F.M. 1955. Physiology of cotton plant. Annu. Rev. Plant Physiol. 6: 299-328. 

Eguchi, S. and Y. Yamada. 1997. Long term field experiment on the application of slow-release 

boron fertilizer. Part 2. behaviour of boron in the soil. p 49-56. In: Bell, R.W. and B. 

Rerkasem (eds). Proc. Int. Symp. on B in soils and plants, Chiang Mai, Thailand. 

El-Gharably, G.A. and W. Bussler. 1985. Critical levels of boron in cotton plants. Z. Planzen. 

Bodenk. 148: 681-688. 

Ellis, B.G. and B.D. Knezek. 1972. Adsorption reactions of micronutrients in soils. p. 

59-78. In: Mortvedt, J.J., P.M. Giordano and W.L. Lindsay (eds.). Micronutrients 

in agriculture. Soil Sci. Soc. Am. Madison, WI, USA. 



 

233 

 

Elrashidi, M.A. and G.A. O′Connor. 1982. Boron sorption and desorption in soils. Soil Sci. Soc. 

Am. Proc. 46: 27-31. 

Elseewi, A.A. and A.E. Elmalky. 1979. Boron distribution in soils and waters of Egypt. Soil Sci. 

Soc. Am. J. 43: 297-300. 

Evans, C.M. and D.L. Sparks. 1983. On the chemistry and mineralogy of boron in pure and in 

mixed systems. a review. Commun. Soil Sci. Plant Anal. 14: 827-846. 

Fageria, N.K. 2001. Nutrient management for improving upland rice productivity and 

sustainability. Commun. Soil Sci. Plant Anal. 32: 2603-2629. 

Fageria, N.K. 2008. The use of nutrients in crop plants. CRC Press. Boca Raton, FL, USA. 

Fageria, N.K. and L.F. Stone. 2006. Micronutrient deficiencies in crops in South America. In: 

Alloway, B.J. (ed.) Micronutrient deficiencies in global crop production, Springer, 

Dordecht, The Netherland. 

Fageria, N. K., V. C. Baligar, and R. B. Clark. 2006. Physiology of crop production. New York: 

The Haworth Press. 

Fageria, N.K. and V.C. Baligar. 1997. Response of common bean, upland rice, corn, wheat and 

soybean to soil fertility of an Oxisol. J. Plant Nutr. 20: 1279-1289. 

Fageria, N.K., M.P. Barbosa Filho and L.F. Stone. 2003. Adequate and toxic levels of 

micronutrients in soil and plants for annual crops. Paper presented at the XXIX Brazilian 

Soil Science Congress, 13 to 18 July 2003, Ribeirão Preto, São Paulo, Brazil. 

Fageria, N.K., V.C. Baligar and C.A. Jones. 1997. Growth and mineral nutrition of field crops. 

Marcel Dekker, NY, USA.  

Fageria, N.K., V.C. Baligar and R.B. Clark. 2002. Micronutrients in crop production. Adv. 

Agron. 77: 185-268. 

Fageria, N. K. and V. C. Baligar. 2005. Nutrient availability. In: Encyclopedia of soils in the 

environment, D. Hillel, Ed., 63–71. San Diego, CA: Elsevier. 

Fageria, V.D. 2001.Nutrient interactions in crop plants .J. Plant Nutr. 24: 1269-1290. 



 

234 

 

Falchuck, K.H., C. Hardy, L. Ulpino and L. Vallec. 1978. RNA metabolism, manganese, and 

RNA polymerases of zinc sufficient and zinc deficient Eugiena gracilis. Proc. Nat. Acad. 

Sci. USA. 75: 4175-4179. 

Fernández-Escobar, R., R. Moreno and M. García-Creus. 1999. Seasonal changes of mineral 

nutrients in olive leaves during the alternate-bearing cycle. Sci. Hortic. 82: 25- 45. 

Ferrol, N., A. Belver, M. Roldan, M.P. Rodriguezrosales and J.P. Donaire. 1993. Effects ofboron 

on proton transport and membrane properties of sunflower (Helianthus Annuus L.) cell 

microsomes. Plant Physiol. 103: 763-769. 

Fisher, E.S., O. Thmin and Z. Rengel. 1997. Zinc nutrition influences the CO2 gas exchange in 

wheat. Photosynthetica. 33: 505-508. 

Fleming, G.A. 1980. Essential micronutrients. I: Boron and molybdenum. P.155-197. In Davies, 

B. E. (ed.). Applied soil trace elements. John Wiley and Sons, NY, USA. 

Follet, R.H., L.S. Murphy and R.L. Donahue. 1981. Fertilizers and soil amendments. Prentice 

Hall, Englewood Cliffs, NJ, USA. 

Fontes, R.L.F. J.F. Medeiros, J.C.L. Neves, O.S. Carvalho and J.C. Medeiros. 2008. Growth of 

Brazilian cotton cultivars in response to soil applied boron. J. Plant Nutr. 31: 902-918. 

Foy, C.D., R.L. Chancy and M.C. White. 1978. The physiology of metal toxicity in plants. Annu. 

Rev. Plant Physiol. 29: 511-566. 

Francois, L.E.1984. Effect of excess boron on tomato yield, fruit size and vegetative 

growth. J. Am. Soc. Hort. Sci. 109: 322-324. 

Fridovich, I. 1986. Biological effects of the peroxide radical. Arch. Biochem. Biophys. 247: 1-

11.  

Fritschi, F.B., B.A. Roberts, D.W. Rains, R.L. Travis and R.B. Hutmacher. 2004. Fate of 

nitrogen-15 applied to irrigated Acala and Pima cotton. Agron. J. 96: 646-655. 

Furlani, A.M.C., C.P. Carvalho, de J.G. Freitas and M.F. Verdial. 2003. Wheat cultivar tolerance 

to boron deficiency and toxicity in nutrient solution. Scientia-Agricola. 60: 359-370. 

Gaines, T.P. and G.A. Mitchell. 1979. Boron determination in plant tissue by the azomethine-H 

method . Commun. Soil. Sci. Plant Anal.10: 1099-1108. 



 

235 

 

Ganmore-Neumann, R. and S. Davidov. 1993. Uptake and distribution of calcium in rose 

plantlets as affected by calcium and boron concentration in culture. Soil Plant Physiol. 

155/156: 151-154. 

Garg, O.K., A.N. Sharma and G.R.S.S. Kona.1979. Effect of boron on the pollen vitality and 

yield of rice plants (Oryza sativa L. var. Jaya). Plant Soil 52: 591-594. 

Gauch, H.G. and W.M. Dugger. 1954. The physiological action of  boron in higher 

plants: review and interpretation. University Maryland AES Tech. Bull. 80. 1-

43. 

Geering, H.R. and J.F. Hodgson. 1969. Micronutrient cation complexes in soil solution: III. 

Characterization of soil solution ligands and their complexes with Zn
2+

 and Cu
2+

 Soil Sci. 

Soc. Amer. Proc. 33: 54-59. 

Gerik, T.J., J.E. Morison and F.W. Chichester. 1987. Effects of controlled traffic on soil physical 

properties and crop rooting. Agron. J. 79: 434-438. 

Gibson, T.S. and D.R. Leece. 1981. Estimation of physiologically active zinc in maize by 

biochemical assay. Plant Soil. 63: 395-406.  

Glass, A.D.M. 1989. Plant Nutrition: An introduction to current concepts. Jones and Bartlett 

Publishers, Boston/Portola Valley, MA, USA. 

Glass, A.D.M. and J. Dunlop. 1974. Influence of phenolic acids on ion uptake. IV. Depolarization 

of membrane potentials. Plant Physiol. 54: 855-858. 

Goldbach, H.E., J. Blaser-Grill, N. Lindemann, M. Porzelt, C. Horrmann, B. Lupp and B. 

Gessner. 1991. Influence of boron on net proton release and its relation to other metabolic 

processes. p. 195-220. In: Randall, D.D. and D.G. Blevins (eds.): Current Topics in Plant 

Biochemistry and Physiology 10, University of Missouri, USA.  

Goldbach, H.E., M.A. Wimmer and P. Findekle. 2000. Discussion paper: Boron - how can the 

critical level be defined? Z. Pflanzenern. Bodenkunde. 163: 115-121. 

Goldberg, S and R.A. Glaubig. 1988. Boron and silicon adsorption on an aluminum oxide. Soil 

Sci. Soc. Am. J. 52: 87-91. 

Goldberg, S. 1997. Reactions of boron with soils. Plant and Soil 193:35-48.  



 

236 

 

Goldberg, S. and H.S. Forster. 1991. Boron sorption on calcareous soils and reference calcites. 

Soil Sci. 152: 304-310. 

Goldberg, S. and R.A. Glaubig. 1985. Boron adsorption on aluminium and iron oxides minerals. 

Soil Sci. Soc. Am. J. 49: 1374-1379. 

Goldberg, S., H.S. Forster and E.L. Heick. 1993. Temperature effects on boron adsorption by 

reference minerals and soils. Soil Sci. 156: 316-321. 

Gomez-Rodriguez, M.V., M. Gomez-Ortega and M.C. Alvarez-Tinaut. 1981. Boron, copper 

iron, manganese and zinc contents in leaves of flowering sunflower plants (Helianthus 

annus L.) grown with different boron supplies. Plant Soil 62: 306-316. 

Gopal, N.H. 1975. Physiological studies on groundnut plants with boron toxicity III. Effect on 

chlorophyll, iron and copper metabolism. Turrialba. 25: 306-316. 

Görmüs, O. 2005. Interactive effect of nitrogen and boron on cotton yield and fiber quality. 

Turkish J. Agri. For. 29: 51-59. 

Graham, R.D. and M.L. Reed. 1991. Carbonic anhydrase and the regulation of photosynthesis. 

Nature New Biol. 231: 81-83. 

Graham, R.D., R.D. Welch, D.C. Grunes, E.F. Cary and W.A. Norvell. 1987. Effect of zinc 

deficiency on the accumulation of boron and other mineral nutrients in barley. Soil Sci. 

Soc. Am. J. 51: 652-657. 

Grimes, D.W. and K.M. EL-Zik. 1990. Cotton. In: B.A. Stewart and D. R. Nielsen 

(ed.).Irrigation of agricultural crops. American Society of Agronomy, Madison, WI, 

USA.  

Grimes, D.W., R.J. Miller and P.L. Wiley. 1975. Cotton and corn root development in two field 

soils of different strength characteristics. Agron. J. 67: 519-523. 

Grune, A.W., E. Earle.,C. Wendell and A. Norwell.1985. Trace minerals move slower when 

plant roots get cold. p 11:.In: Agriculture research USDA,US. Govt. printing office 

public Doc. Deptt.Washington, DC, USA. 

Gu, B. and L.E. Lowe. 1990. Studies on the adsorption of boron on humic acids. Can. J. Soil Sci. 

70: 305–311. 



 

237 

 

Gulick, S.H., K.G. Cassman and S.R. Grattan. 1989. Exploitation of soil potassium in layered 

profiles by root systems of cotton and barley. Soil Sci. Soc. Am. J. 53: 146-153. 

Gupta, G.P. and D. Singh. 1972. Zinc status of some soils of India. J. Indian. Soc. Soil Sci. 20: 

49-51.  

Gupta, U.C. (ed.). 1993. Boron and its role in crop production. CRC Press, Boca Raton, FL, 

USA. 

Gupta, U.C. 1968. Relationship of total and hot-water soluble boron, and fixation of added boron 

to properties of Podzol soils. Soil Sci. Soc. Am. Proc. 32: 45-48. 

Gupta, U.C. 1979. Boron nutrition of crops. Adv. Agron. 31: 273-307. 

Gupta, U.C. 1983. Boron deficiency and toxicity symptoms for several crops as related to tissue 

boron levels. J. Plant Nutr. 6: 387-395. 

Gupta, U.C. 1984. Boron nutrition of alfalfa, red clover, and timothy grown on podzol soils of 

eastern Canada. Can. J. Soil Sci. 137: 16-22. 

Gupta, U.C., Y.W. Jame, C.A. Campbell, A.J. Leyshon and W. Nicholaichuf. 1985. Boron toxicity 

and deficiency: A review. Can. J. Soil Sci. 65: 381-409. 

Gupta, V.K. and H. Raj. 1983. Response of groundnut genotypes to different levels of zinc. Crop 

Physiol. 1: 55-67. 

Gupta, V.K., H. Raj and K. Singh. 1980. Distribution and relationship of micronutruents with 

soil properties of south western Haryana. Haryana Agric. Univ. J. Res. 10: 235-241. 

Gupta,V.K. 1995. Zinc research and agricultural production. p.132-165. In: Tandon, H. L. S. 

(ed.). Micronutrient research and agricultural production. Fertilizer Research and 

Consultation Organization , New Delhi, India. 

Halder, N.K., M.A. Hossain, M.A. Siddiky, N. Nasreen and M.H. Ullah. 2007. Response 

of wheat varieties to boron application in calcareous brown floodplain soil at 

southern region of Bangladesh. J. Agron. 6: 21-24. 

Halvorson, A.D. and W.L. Lindsay. 1977. The critical Zn
2+

 concentration for corn and the non-

absorption of chelated zinc. Soil Sci. Soc. Am. J. 41: 531-534. 



 

238 

 

Han, S., L. Chen, H. Jiang, B.R. Smith, L. Yang and C. Xie. 2008. Boron deficiency decreases 

growth and photosynthesis and increases starch and hexoses in leaves of citrus seedlings 

J. Plant Physio. 165: 1331-1341. 

Harris, H.C. and B.B. John. 1966. Comparison of calcium and boron deficiencies of the plant I. 

Physiological and yield differences. Agron. J. 58: 575-578. 

Harter, R.D. 1983. Effect of soil pH on adsorption of lead, copper, zinc and nickel.  Soil Sci. 

Soc. Am. J. 47: 47-51. 

Hatch, M.D. and C.R. Slack. 1970. Photosynthetic CO2 fixation pathways. Annu. Rev. Plant 

Physiol. 21: 141-162. 

Hatcher, J.T., C.A. Bower and M. Clark. 1967. Adsoption of boron by soils as influenced by 

hydroxyl aluminium and surface area. Soil Sci. 104: 422-426. 

Hatfield, J.L., T.J. Sauer and H.J. Prueger. 2001. Managing soils to achieve greater  water use 

efficiency: A review. Agron. J. 93: 271-280. 

Haydon, G.F. 1981. Boron toxicity of strawberry. Commun. Soil Sci. and Plant Anal. 12: 1085-

1091. 

Hearn, A.B. 1981. Cotton nutrition. Field Crop Abstracts 34: 11-34. 

Heitholt, J.J. 1994. Supplemental boron, boll retention percentage, ovary carbohydrates and lint 

yield in modern cotton genotypes. Agron. J. 86: 492-497. 

Hemphill, D.D., M.S. Weber and T.L. Jackson. 1982. Table beet yield and boron deficiency as 

influenced by lime, nitrogen, and boron. Soil Sci. Am. J.46: 1190-1192. 

Hingston, F.J. 1964. Reactions between boron and clays. Aus. J. Soil Res. 2: 83-95. 

Hinkle, D.A. and A.L. Brown. 1968. Secondary nutrients and micronutrients p. 281-320. In: 

F.C. Elliot, et al. (eds.), Advances in Production and Utilization of Quality Cotton: 

Principles and Practices. Iowa State University Press, Ames, IA, USA. 

Hodgson, J.F, W.L. Lindsay and J.F Trierweiler. 1966. Micronutrient cation complexing in soil 

solution. 11. Complexing of zinc and copper in displaced solution from calcareous soils. 

Soil Sci. Soc. Am. Proc. 30: 723-726.  



 

239 

 

Hodgson, J.F. 1963. Chemistry of micronutrient elements in soils. Adv. Agron. 15: 119-159. 

Holley, K.T. and T.G. Dulin. 1939. Influence of boron on flower-bud development in cotton. J. 

Agric. Res. 59: 541-545.  

Holloway, R.E., R.D. Graham and R. Stacy. 2006. Micronutrient deficiencies in Australian field 

crops. p. 63-92. In: Alloway, B.J. (ed.) Micronutrient deficiencies in global crop 

production , springer, Dordrecht., The Netherland. 

Honisch. O. 1975. Boron nutrition of cotton in Zambia . Cotton Growing Review 52: 189-208. 

Hopmans, P. and D.W. Flinn. 1984. Boron deficiency in Pinus radiata D. Don and the effect of 

applied B on height, growth and nutrient uptake. Plant Soil 79: 295-298. 

Hosseini, S.M., M. Maftoun, N. Karimian, A. Rounaghi and Y. Emma. 2007. Effect of zinc × 

boron interaction on plant growth and tissue nutrient concentration of corn. J. Plant Nutr. 

30: 773-781. 

Howard, D.D., C.O. Gwathmey and C.E. Sams. 1998. Foliar feeding of cotton evaluating 

potassium sources, potassium solution buffering, and boron. Agron. J. 90: 740-746. 

Hu, H. and D. Sparks. 1990. Zinc deficiency inhibits reproductive development in „Stuart‟ pecan 

Hort.Sci. 25: 1392-1396. 

Hu, H. and D. Sparks. 1991. Zinc deficiency inhibits chlorophyll synthesis and gas exchange in 

„Stuart‟ pecan. Hort. Sci. 26: 267-268. 

Hu, H. and P.H. Brown. 1994. Localization of boron in cell walls of squash and tobacco and its 

association with pectin. Plant Physiol. 105: 681-689. 

Hu, H., P.H. Brown and J.M. Labavitch. 1996. Species variability in boron requirement is 

correlated with cell wall pectin. J. Exp. Bot. 47: 227-232. 

Huang, L., J. Pant, B. Dell and R.W. Bell. 2000. Effects of boron deficiency on anther 

development and floret fertility in Wheat (Triticum aestivum L.„Wilgoyne‟). Ann. Bot. 

85: 493-500. 

Huang, L., Z. Ye and R.W. Bell. 1996. The importance of immature leaves for the diagnosis of 

boron deficiency in oilseed rape (Brassica napus cv. Eureka). Plant Soil 183: 187-198. 



 

240 

 

Hussain, F. and M. Yasin. 2004. Soil fertility monitoring and management in rice-wheat system, 

p. 1-33. Annual Report, LRRP, NARC, Islamabad, Pakistan. 

ICAC. 2007. Supply and distribution of cotton. Newsletter. International Cotton Advisory 

Committee. December 3, 2007. Washington, DC20006, USA. 

Ichikuni, M. and K. Kikuchi. 1972. Retention of B by travertines. Chem. Geol. 9: 13-21. 

Imtiaz, M., B.J. Alloway, K.H. Shah, S.H. Siddiqui, M.Y. Memon, M. Aslam and P. Khan. 

2003b. Zinc nutrition of wheat: II: interaction of zinc with other trace elements. Asian J. 

Plant Sci. 2: 156-160. 

Imtiaz, M., B.J. Alloway, M.Y. Memon, P. Khan, S.H. Siddique, M. Aslam and S.K.H. Shah. 

2006. Zinc tolerance in wheat cultivars as affected by varying levels of phosphorus. 

Commun. Soil Sci.Plant Anal. 37: 1689-1702. 

Imtiaz, M., B.J. Alloway, K.H. Shah, S.H. Siddiqui, M.Y. Memon, M. Aslam and P. Khan. 

2003a. Zinc nutrition of wheat I: Growth and zinc uptake. Asian J. Plant Sci. 2: 152-155. 

Jackson, M.L. 1962. Chemical composition of soil. p. 71-144. In: Chemistry of soil. Bean. F.E. 

(ed.). Van Nostrand Reinheld Co. NY, USA. 

Jacobson, B.S., F. Fong and R.L. Heath. 1975. Carbonic anhydrase of spinach studies on its 

location, inhibition and physiological function. Plant Physiol. 55: 468-474. 

Jahiruddin, M., B.T. Chambers, N.T. Livesey and M.S. Cresser. 1986. Effect of liming on 

extractable Zn, Cu, Fe and Mn in selected Scottish soils. J. Soil Sci. 37: 603-615. 

Jahiruddin, M., N.T. Livesey, M.S. Cresser . 1985. Observations on the effect of soil pH upon 

 zinc absorption by soils. Comm. Soil Sci. Plant Anal. 16: 909-922. 

Jana, P.K., R. Ghatak, G. Sounda, R.K. Ghosh and P. Bandyopadhyay. 2005. Effect of boron on 

yield, content and uptake on NPK by transplanted rice at farmer‟s field on red and laterite 

soils of West Bengal. J. Interacademicia. 9: 341-344. 

Jiang, S.H.; D.Z. Ye, M. Lin and Q.Z. Liang. 1986. The available soil boron in cotton growing 

 area in Zhejiang and effects of B fertilizers. J. Zhejiang Agric. Sci. 1: 25-30.  

Johnson, S.E., J.G. Lauren, R.M. Welch and J.M. Duxbury. 2005. A comparison of the 

effects of micronutrient seed priming and soil fertilization on the mineral nutrition 



 

241 

 

of chickpea (Cicer arietinum), lentil (Lens culinaris), rice (Oryza sativa) and 

wheat (Triticum aestivum) in Nepal. Exp. Agriculture 4: 427-448. 

Johri, B.M. and K. Vasil. 1961. Physiology of pollen. The Bot. Rev. 27: 325-381. 

Jones, M.A., R. Wells and D.S. Guthrie. 1996. Cotton response to seasonal patterns of 

flower removal: II. Growth and dry matter allocation. Crop Sci. 36:  639-645. 

Jones, U.S. 1989. Cotton. p. 375-386. In Plucknett, D.L. and H.B. Sprague (eds.): Detecting 

Mineral Nutrient Deficiency in Tropical and Temperate Crops Westviewpress, Boulder, 

MN, USA. 

Jyung, W.H., A. Ehmann, K.K. Schlender and J. Scala. 1975. Zinc nutrition and starch metabolism in 

Phaseolus vulgaris L. Plant Physiol. 55: 414-420. 

Kabata-Pendias, A. and H. Pendias. 1992. Trace elements in soils and plants.2
nd

 ed. CRC Press, 

Boca Raton, FL, USA. 

Kang, B. and O.A. Osiname. 1985. Micronutrient problems in tropical Africa. Fert. Res. 7:131-150. 

Kanwar, J.S. and N.S. Randhawa. 1974. Micronutrient research in soils and plants in India: a 

review. ICAR Tech. Bull. (Agric.), New Delhi, India. p.185. 

Kashyap, J., J.C. Sharma, V.K. Gupta and A.D. Taneja. 1997. Effect of Zn on growth and yield 

characters and uptake by different parts of two cultivars. Agri. Sci. Digest 17: 3-6. 

Kastori, R., M. Plesnicar, D. Pankovic and Z. Sakac. 1995. Photosynthesis, chlorophyll 

fluorescence and soluble carbohydrate in sunflower leaves as affected by boron 

deficiency. J. Plant Nutr. 18: 1751-1763. 

Katyal, J.C. 1978. Twelfth annual report of all India coordinated scheme of micronutrients in 

soils and plants. I.C.A.R. New Delhi, India. p.101. 

Katyal, J.C. and N.S. Randhawa. 1983. Micronutrients. FAO fertilizer and plant nutrition Bull. No. 

7. FAO, Rome, Italy. 

Katyal, J.C. and P.L.G. Vlek. 1985. Micronutrient problems in tropical Asia. Fert. Res. 7: 

69-94. 



 

242 

 

Kausar, M.A., F.M. Chaudhry, A. Rashid, A. Latif and S.M. Alam. 1976. Micronutrient 

availability to cereals from calcareous soils. I.
-
Competitive zinc and copper 

deficiency and their mutual interaction in rice and wheat. Plant Soil 45: 397-410. 

Kausar, M.A., S.M. Alam, M. Sharif and M.I. Pervaz. 1979. Micronutrient status of Pakistan 

Soils. Pak. J. Sci. Ind. Res. 22: 156-166. 

Kausar, M.A., M. Sharif and A. Hamid. 1988. Wheat response to field application of boron an 

evaluation of various methods for the estimation of soil boron. Proc. Nat. Sem. 

Micronutrients in soils and crops in Pakistan. NWFP. Agri. Univ. Peshawar, Pakistan. p. 

132-138. 

Kaya, C. and D. Higgs. 2001. Inter-relationships between zinc nutrition, growth parameters, and 

nutrient physiology grown in a hydroponically tomato cultivar. J. Plant Nutr. 24: 1491-

1503. 

Kaya, C., D. Higgs and A. Burton. 2000. Plant growth, phosphorus nutrition and acid 

phosphatase enzyme activity in three tomato cultivars grown hydroponically at different 

zinc concentrations J. Plant Nutr. 23: 569-579. 

Keogh, J.L. and R. Maples. 1969. Boron for cotton and soybeans on loessial plains soils 

Arkansas Agric Exp. Stn. Bull. 740, Fayetteville, AR, USA. 

Keren, R. and F.T. Bingham. 1985. Boron in water, soils, and plants. Adv. Soil Sci. 1: 229-276. 

Keren, R. and G.A. O‟Connor. 1982. Effect of exchangeable ions and ionic strength on boron 

adsorption by montmorillonite and illite. Clays Clay Miner. 30: 341-346. 

Keren, R. and R.G. Gast. 1981. Effects of wetting and drying, and of exchangeable cations, on 

boron adsorption and release by montmorillonite. Soil Sci. Soc. Am. J. 45: 478-482. 

Keren, R. and R.G. Gast. 1983. pH-dependent boron adsorption by montmorillonite hydroxyl –

aluminum complexes. Soil Sci. Soc. Am. J. 47: 1116-1121. 

Keren, R. and U. Mezuman. 1981. Boron adsorption by clay minerals using a phenomenological 

equation. Clays Clay Miner. 29: 198-204. 

Keren, R., F.T. Bingham and J.D. Rhoades. 1985. Effect of clay content in soil on boron uptake 

and yield of wheat. Soil Sci. Soc. Am. J. 49: 1466-1470. 



 

243 

 

Keren, R., R.G. Gast and B. Bar-Yosef. 1981. pH-dependent boron adsorption by Na-

montmorillonite. Soil Sci. Soc. Am. J. 45: 45-48. 

Khan, H.R, G.K. McDonald and Z. Rengel. 2004. Zinc fertilization and water stress affects plant 

water relations, stomatal conductance and osmotic adjustment in chickpea (Cicer 

arientinum L.). Plant and Soil 267: 271-284. 

Khan, H.R., G.K. McDonald and Z. Rengel. 2003. Zn fertilization improves water use efficiency, 

grain yield and seed Zn content in chickpea. Plant and Soil. 249: 389-400. 

Khan, M.A. 1996. Residual effects of boron and molybdenum fertilizers in soils through plant 

analysis. J. Agric. Res. 34: 153-160. 

Khan, R., A.H. Gurmani, A.R. Gurmani and M.S. Zia. 2006. Effect of boron on rice yield under 

wheat-rice system. Int. J. Agric. Bio. 8: 805-808. 

Khan, R., A.R. Gurmani, M.S. Khan and A.H. Gurmani. 2009. Residual, direct and cumulative 

effect of zinc application on wheat and rice yield under rice-wheat system. Soil & 

Environ. 28: 24-28. 

Khandagave, R.B., R.V. Koraddi and T.H. Chandranath. 1996. Effect of sulphur and zinc on 

growth and yield of rainfed cotton (Gossypium hirsutum L.). Farming Systems 19: 11-14. 

Khattak, J.K. and S. Parveen. 1986. Micronutrient status of Pakistan soils and their role in crop 

production. Bull. S.S. No. 3. Peshawar: NWFP Agricultural University, Peshawar, 

Pakistan. 

Khattak, J.K., A.U. Bhatti, S. Perveen and M. Iqbal. 1988: Effect of trace elements on maize and 

their residual effect on wheat. p. 345-348. In: Proc. First National Congr. of Soil Sci. 

Lahore, Oct. 15-18, 1985. Soil Sci. Soc. Pakistan. 

Khurana, M.P., S.V.K. Nayyar and S.P. Singh. 1996. Direct and residual effect of applied zinc in 

cotton and wheat crops. J. Indian Soc. Soil Sci. 44: 174-176. 

Khurana, N. and C. Chatterjee. 2001. Influence of variable zinc on yield, oil content, and 

physiology of sunflower. Commun. Soil Sci. Plant Anal. 32: 3023-3030.  

Kitagashi, K., H. Obata and T. Kond. 1986. Effect of zinc deficiency on 80S ribosome content of 

meristamatic tissues of rice plant. Soil Sci. Plant Nutr. 33: 423-430. 



 

244 

 

Kitagishi, K. and H. Obata. 1986. Effects of zinc deficiency on the nitrogen metabolism of 

meristematic tissues of rice plants with reference to protein synthesis. Soil Sci. Plant 

Nutr. 32: 397-405. 

Kler, D.S., D. Raj and G.S. Dhillon. 1989. Modification of microenvironment with cotton 

canopy for reduced abscission and increased seed yield. Environ. Ecol. 7: 800-802. 

Klug, A. and D. Rhodes. 1987. Zinc fingers: A novel protein motif for nucleic acid recognition. 

Trends Biochem. Sci. 12: 464-69. 

Kobayashi, M., H. Nakagawa, T. Asaka and T. Matoh. 1999. Borate-Rhamnogalacturonan II 

Binding Reinforced Ca
2+

 Retains Pectic Polysaccharides in Higher-Plant Cell Walls. 

Plant Physiol. 11: 199-203. 

Kochian, L.V. 1991. Mechanisms of micronutrient uptake and translocation in plants. p. 229-

296. In: Mortvedt, J.J., F. R. Cox, L. M. Shuman and R.M. Welch. (eds.). Micronutrient 

in agriculture. Soil Sci. Soc. Am. Madison, WI, USA. 

Kouchi, H. and K. Kumazawa. 1976. Anatomical responses of root tips to boron deficiency. III. 

Effect of boron deficiency on sub-cellular structure of root tips, particularly on 

morphology of cell wall and its related organelles. Soil Sci. Plant Nutr. 22: 53-71.  

Lal, R. and G.S. Taylor. 1970. Drainage and nutrient effects in a field lysimeter study. II. 

Mineral uptake of corn. Soil Sci. Am. J. 34: 240-244. 

Lancaster, J.D., B.C. Murphy, B.C. Hurt, B.L. Arnold, R.E. Coats, R.C. Albritton and L. Walton. 

1962. Boron now recommended for cotton. Mississippi. Agri. Exp. St. Bull. 635. 

Leece, D.R. 1978. Effects of boron on the physiological activity of zinc in maize. Aust. J. 

Agric. Res. 29: 739-749. 

Lehto, L. 1995. Boron retention in limed forestmor. For. Ecol. Manage. 78: 11-20. 

Leyshon, A.J. and Y.M. Jame. 1993. Boron toxicity and irrigation management. p. 207 -

226. In: Gupta, U. C. (ed.) Boron and its role in crop production. CRC Press, Boca 

Raton, FL, USA. 

Li, J., M. Zhou, M. Pessarkli and J.L. Storehlein. 1991. Cotton response to zinc fertilizer. 

Commun. Soil Sci. Plant Anal. 22: 1689-1699. 



 

245 

 

Li, B., H. Li, W.H. Kui, M.C. Chao, W.S. Jern, H.P. Li, W.J. Chu and C.L. Wang. 1978. Studies 

on cause of sterility of wheat. J. Northeastern Agric. College 3: 1-19. 

Lim, T.K., L. luders and M. Poffley. 1999. Seasonal changes in durian leaf and soil mineral 

element content. J. Plant Nutr. 22: 657-667. 

Lindsay, C.B., L. Rodrigues and C.A. Pasternak. 1989. Protection of cells against membrane 

damage by haemolytic agents: divalent cations and protons act at the extracellular side of 

the plasma membrane. Biochimica et Biophysica Acta. 983: 56-64. 

Lindsay, W.L and W.A. Norvell. 1978. Development of a DTPA soil test for zinc, iron, 

manganese and copper. Soil Sci. Soc. Am. Proc. 42: 421-428. 

Lindsay, W.L. 1972a. Zinc in soil and plant nutrition. Adv. Agron. 24: 147-186. 

Lindsay, W.L. 1972b: Inorganic phase equiliberia in soils. p. 549-592. In: Mortvedt, J.J., P.M. 

Giordano and W.L. Lindsay (eds.). Micronutrients in agricul ture. Soil Sci. Soc. 

Am. Madison, WI, USA. 

Lindsay, W.L. 1981. Solid phase-solution equilibria in soils. p. 183-201. In: R. H. 

Dowdy(ed.). Chemistry in the Soil Environment. Sp. Pub. No. 40. Am. Agron. 

Soc.Madison, USA. 

Liu, P. and Y.A. Yang. 2000. Effects of molybdenum and boron on membrane lipid 

peroxidation and endogenous protective systems of soybean leaves. Accta Botanica 

Sinca. 42: 461-466. 

Loneragan, J.F. and M.J. Webb. 1993. Interactions between zinc and other nutrients affecting the 

growth of plants. p. 119-133. In: Robson, A. D. (ed.) Zinc in soils and plants. Kluwer Acad. 

Publ. Dordrecht, The Netherlands. 

Loneragan, J.F., D.L. Grunes, R.M. Welch, E.A. Aduyl, A. Tengah, V.A. Lazar and E.E. Cary. 

1982. Phosphorus accumulation and toxicity in leaves in relation to zinc supply. Soil Sci. 

Soc. Am. J. 46: 346-352. 

Longnecker, N.E. and A.D. Robson. 1993. Distribution and transport of zinc in plants. p. 79-92. 

In: Zinc in soil and plants. (ed.) A. D. Robson, Kluwer Academic Publishers, Dordrecht, 

The Netherland. 



 

246 

 

Loomis, W.D. and R.W. Durst. 1991. Boron and cell walls. Curr. Topics Pl. Biochem. Physiol. 

10:149-178. 

Loomis, W.D. and R.W. Durst. 1992. Chemistry and biology of boron. BioFactors 3: 229-239. 

Lopez, A.S. 1980. Micronutrients in soils of the tropics as constraints to food production. p. 277-298. In: 

: Priorities for alleviating soil-related constraints to food production in the tropics. Int. Rice 

Res. Inst. Los Banos, Phillipines. 

Lopez-Lefebre, L.R., R.M. Rivero, P.C. Garcia, E. Sanchez, J.M. Ruiz and L. Romero. 2002. 

Boron effect on mineral nutrients of tobacco. J. Plant Nutr. 25: 509-522. 

Lovatt, C.J. and L.M. Bates. 1984. Early effects of excess boron on photosynthesis and growth of 

curubita pepo. J. Expt. Bot. 5: 297-305. 

Ma, Y.B. and N. Uren. 2006: Effect of aging on the availability of zinc added to a calcareous 

clay soil. Nutr. Cycl. Agroecosyst. 76: 11-18. 

Makhdum, M.I., Shahbabuddin, F. Ahmad and F.I. Chaudhry. 2002. Zinc and boron fertilizer 

requirement for cotton grown in caloric cambisols. Balcoh. J. Agri. Sci. 3: 11-14. 

Makhdum, M.I., Shahbabuddin, F. Ahmad and K. Khan. 2004. Effect of uni- zinc chelate ® 

fertilizer application on vegetative growth and seed cotton yield of cotton crop.The 

Pakistan Cottons 48: 43-48. 

Malik, M.N.A., M.I. Makhdum and S.I.H. Shah. 1992. Cotton response to boron fertilizer in silt 

loam soils. p. 331-336. In: Soil health for sustainable agriculture. Proc. 3
rd

 National 

Cong. Soil Sci. March 20-22, 1990. Soil Sci. Soc. Pak., Lahore, Pakistan. 

Mandal, B., G.C. Hazra and L.N. Mandal. 2000. Soil management influences on zinc desorption 

for rice and maize nutrition. Soil Sci. Soc. Am. J. 64: 1699-1705. 

Maples, R. and J.L. Keogh. 1963. Effects of boron deficiency on cotton. Arkansas Farm 

Research 12:5. 

Marschner, H. 1986. Functions of mineral nutrients macro nutrients. p. 195-267, In: Mineral 

Nutrition of Higher Plants. Academic Press, London, UK. 

Marschner, H. 1986. Mineral Nutrition of Higher Plants. Academic Press, London, UK. 



 

247 

 

Marschner, H. 1993. Zinc uptake from soils. p. 59-77.In: A. D. Robson (ed.). Zinc in soils and 

plants. Kluwer Academic Publishers: Dordrecht, The Netherlands. 

Marschner, H. 1995. Mineral Nutrition of Higher Plants. 2
nd

 ed. Academic Press, London, UK. 

Marschner, H. and 1. Cakmak. 1989. High light intensity enhances chlorosis and necrosis 

in leaves of zinc, potassium and magnesium deficient bean (Phaseolus vulgaris) 

plants. J. Plant Physiol. 134: 308-315.  

Marschner, H. and V. Romheld. 1983. In vivo measurement of root-induced pH changes at the 

soil-root interface: Effect of plant species and nitrogen source. Z. Pflanzen. Physiol. Bd. 

111: 241-251. 

Marzadori, C., L. Vittori Antisari, C.Ciavatta and P. Sequi. 1991. Soil organic matter influence 

on adsorption and desorption of boron. Soil Sci. Soc. Am. J. 55: 1582-1585. 

Mascarenhas, H.A.A., M.A.S. de Miranda, O.C. de Batagila, J.C.V.N.A. Pereira and R.T. Tanka. 

1990. Boron deficiency in soybeans. Bragantia 47: 325-332. 

Mattigod, S.V., J.A. Frampton and C.H. Lim. 1985. Effect of ion-pair formation on boron 

adsorption by kaolinite. Clays Clay Miner. 33: 433-437. 

Maze, P. 1915. Determination des elements mineraux rares necessaries au developpement du 

mais. C. R. Acad. Sci. 160: 211-214. 

McBride, M.B. 1989. Reactions controlling heavy metal solubility in soils. Adv. Soil Sci. 

10: 1-54. 

McHan, F. and G.T. Johnson. 1979. Some effects of zinc on the utilization of nitrogen sources 

by. Monascus purpureus. Mycologia 71: 160-169. 

Mengel, K. and E.A. Kirkby. 1987. Principles of plant nutrition 4
th 

ed. Int. Potash Inst., Bern. 

Switzerland. 

Mete, P.K., P. Bhattachyay and M. De. 2005. Effect of boron and lime on growth and yield of 

wheat (Triticum aestivum L.) in alluvial soils of west Bengal. J. Intercadmacia.9: 544-

549. 

Mezuman, U. and R. Keren. 1981. Boron adsorption by soils using a phenomenological 

adsorption equation. Soil Sci. Soc. Am. J. 45: 722-726. 



 

248 

 

Mikkelsen, D.S. and D.M. Brandon. 1975. Zinc deficiency in California rice. California Agri. 29: 

8-9. 

Miley, W.N., G.W. Hardy, M.B. Sturgis and J.E. Jr. Sedberry. 1969. Influence of boron, nitrogen 

and potassium on yield, nutrient uptake, and abnormalities of cotton. Agron. J. 61: 9-13. 

Miller, R.D. and R.K. Smith. 1977. Influence of boron on other chemical elements in 

alfalfa. Commun. Soil Sci. Plant Anal. 8: 465-478. 

Millikan, C.R. 1953. Nutritional disorders in subterranean clover. Tech. Bull. No 11. Vict. Dept. 

 Agric: Melbourne, Australia. 

Misra, S.M. and B.D. Patil. 1987. Effect of boron on seed yield in Lucerne (Medicago sativa L.) 

J. Agron. Crop Sci. 158: 34-37. 

Montgomery, D.C. 1997. Design and analysis of experiments. 4
th

 ed. John Wiley and Sons, Inc., 

N Y, USA. p.704  

Montgomery, F.H. 1951. The effect of boron on the growth and seed production of Aliske clover 

Trifolium hybrdium L. Cand. J. Bot. 29: 597-606. 

Moodie, C.D., Smith, H.W. and R.A. McCreery. 1965. Laboratory manual for soil fertility. State 

College of Washington Pullman. Wash., U. S. A. 

Moraghan, J.T. and H.J. Mascagni, Jr. 1991. Environmental and soil factors affecting 

micronutrient deficiencies and toxicities. p. 371-425. In: Mortvedt, J. J., F.R. Fox, L.M. 

Shuman and R.M Welch (eds.). Micronutrients in agriculture. 2
nd

 Ed. Soil Sci. Soc. Am.: 

Madison, WI, USA. 

Mortvedt, J.J. and J.R. Woodruff. 1993. Technology and application of boron fertilizer for crops . p. 157-

176. In: Gupta, U. C. (ed.). Boron and its role in crop production. CRC Press, Boca Raton, Fl 

,USA. 

Mortvedt, J.J., and G. Osborn. 1965. Boron concentration adjacent to fertilizer granules in soil 

and its effect on root growth. Soil Sci. Soc. Am. J. 29: 187-191. 

Moutharidou, G.N., T.E. Sotiropoulos, K.N. Dimassi and I.N. Therios. 2004. Effects of boron on 

growth, and chlorophyll and mineral contents of shoots of the apple rootstock MM 106 

cultured in vitro. Biologia and Plantarum 48: 617-619. 



 

249 

 

Mozafar, A. 1989. Boron effect on mineral nutrients of maize. Agron. J. 81: 285-290. 

Mozafar, A. 1993. Role of boron in seed production. p 185-201. In: Gupta, U. C. (ed.) Boron and 

its role in crop production. CRC Press. Boca Raton, Fl, USA. 

Muhling, K.H., M. Wimmer and H.E. Goldbach. 1998. Apoplastic and memrane-associated Ca
+2

 

in leaves and roots as affected by boron deficiency. Physiol. Plant. 102: 179-184. 

Mullins, G.L. and C.H. Burmester. 1991. Dry matter, nitrogen, phosphorus, and potassium 

accumulation by four cotton varieties. Agron. J. 82:729-736. 

Mullins, G.L. and C.H. Burmester. 1992. Uptake of calcium and magnesium by cotton grown 

under dryland conditions. Agron. J. 84: 564-569. 

Mullins, G.L. and C.H. Burmester. 1993. Accumulation of copper, iron, manganese and zinc by 

four cotton cultivars. Field Crops Res. 32: 129-140. 

Murphy, B.C. and J.D. Lancaster. 1971. Response of cotton to boron. Agron. J. 63: 539-540. 

Myers, L.F., J. Lipsett and R. Krirchner. 1983. Response of rapeseed (Brassica napus) to 

phosphorous, boron and lime on an acid soil near Canberra. Aust. J. Expt. Agric. Anim. 

Husb. 3: 172-177. 

Nabi, G., E. Rafique and M. Salim. 2006. Boron nutrition of four sweet pepper cultivars grown 

in boron-deficient soil. J. Plant Nutr. 29: 717-725. 

Nable, R.O. 1988. Resistance to boron toxicity amongst several barley and wheat cultivars: A 

preliminary examination of the resistance mechanism. Plant and Soil 112: 45-52. 

Nable, R.O., G.S. Banueuelos and J.G. Paull. 1997. Boron toxicity. Plant and Soil 193: 181-198. 

Nadia, M.A.N., M. Badran and A.F. Abd El-Hamide. 2006. Response of Peanut to Foliar Spray 

with Boron and/or Rhizobium inoculation. J. Appl. Sci. Res. 2: 1330-1337. 

Neirinckx, L.J.A. 1960. Des etude effects da la carence borique sur le cotonnier. Ann .Physio. 

Veg. Univ. Bruxelles 5: 1-18.  

Niaz, A. 2010. Boron dynamics in alkline calcareous soils and its availabiliry under wheat -

cotton cropping system.PhD. thesis. Univ. Agri. Faisalabad. 



 

250 

 

Noppakoonwong, R.N., B. Rerkasem, R.W. Bell, B. Dell and J. F. Loneragan. 1997. Prognosis 

and diagnosis of boron deficiency in blackgram (Vigna mungo L. Hepper) in the field by 

using plant analysis. p. 89-93. In R.W. Bell and B. Rerkasem (eds.), Boron in Soils and 

Plants. Proc. he Int. Symp. on Boron in Soils and Plants, 7-11 September 1997. Chiang 

Mai, Thailand.  

Obata, H. and M. Umebayashi. 1988. Effect of zinc deficiency on protein synthesis in cultured 

tobacco plant cells. Soil Sci. Plant Nutr. 34: 351-357. 

Oertli, J.J. and E. Grgurevic. 1975. Effect of pH on the absorption of boron by excised barley 

roots. Agron. J. 67: 278-280. 

Oertli, J.J. and H.C. Kohl. 1961. Some considerations about the tolerance of various plant 

species to excessive supplies of boron. Soil Sci. 2: 243-247. 

Oertli, J.J. and J.A. Roth. 1969. Boron nutrition of sugar beet, cotton and soybean. Agron. J. 61: 

191-195. 

Ohki, K. 1973. Manganese nutrition of cotton under two boron levels. I. Growth and 

development. Agron. J. 65: 482-485. 

Ohki, K. 1975. Mn and B effect on micronutrients and P in cotton. Agron. J. 67: 204-207. 

Ohki, K. 1976. Effect of zinc nutrition on photosynthesis and carbonic anhydrase activity in 

cotton. Physiol. Plant. 38: 300-304. 

Oliver, S. and S.A. Barber. 1966. Mechanisms for the movement of Mn, Fe, B, Cu, Zn, Al and S 

from one soil to the surface of soybean roots (Glycine max L.). Soil Sci. Soc Am. Proc. 30: 

468-470. 

Olsen, S.R. 1972. Micronutrient interactions. p. 243-264. In: Mortvedt, J. J., P. M.Goirdano and 

W. L. Lindsay. Micronutrients in agriculture. Soil Sci. Soc. Am. Madison, WI, USA. 

Oosterhuis, D.M., J. Chipamaunga and G.C. Bate. 1983. Nitrogen uptake of field grown cotton. 

I. Distribution in plant components in relation to fertilization and yield. Expt. Agric. 19: 

91-101. 

Oosterhuis, D.M., K. Hake and C. Burmester. 1991. Foliar feeding cotton. Cotton Physiol. Today 

2:1-7. 



 

251 

 

Page, A.L. and J. Bergeaux. 1961. Boron status and needs of the southern region. Plant Food 

Rev. 7: 12-17. 

Page, A.L., R.H. Miller and D. R. Keeney. 1982. Methods of soil analysis. Part 2. Chemical and 

microbiology properties. Agron. Monograph. 9, Madison, WI, USA. 

Pal, B., S.P.S. Jadaun and C.S. Raghav. 1989. Effect of phosphorus and boron application on dry 

matter yield and nutrient contents in berseem. J. Indian Soc. Soil Sci. 37: 579-581. 

Parks, W.L. and J.L. White. 1952. Boron retention by clays and humus systems saturated 

with various cations. Soil Sci. Soc. Am. Proc. 16: 298-30. 

Parr, A.J. and B.C. Loughman. 1983. Boron and membrane function in plants. p. 87-107. In: D. A. 

Robb and W. S. Pierpoint (eds.). Metals and Micronutrients: Uptake and Utilization by Plants. 

Academic Press: London, UK. 

Patel, K.P., M.V. Singh and K.C. Patel. 2003. Crop response to secondary and micronutrients in 

alluvial and calcareous soils. Fertilizer News. 48: 21-23. 

Patel, M.S. and B.A. Golakiya. 1986. Effect of calcium carbonate and boron application 

on yield and nutrient uptake by groundnut. J. Indian Soc. Soil Sci.  34: 815-820. 

Pathak, A.N., K.N. Tiwari, and K. Singh. 1975. Zinc-phosphorus inter-relationship in rice. J. Ind. 

Soc. Soil. Sci. 23: 477-478. 

Paull, J.G., R.O. Nable, A.W.H. Lake, M.A. Materene and A.J. Rathjan. 1992. Response of 

annual medics (Medicago spp.) and field peas (Pisum sativam) to high concentrations of 

boron: genetic variation and the mechanism of tolerance. Aust. J. Agric. Res. 43: 203-

213. 

Payne, G.G., D.C. Martens, C. Winarko and N.F. Perera. 1988. Form and availability of copper 

and zinc following long term copper sulphate and zinc sulphate applications. J. Environ. 

Qual. 17: 707-711. 

Pearson J.N. and Z. Rengel. 1994. Distribution and remobilization of Zn and Mn during grain 

development in wheat. J. Exp. Bot. 45: 1829-1835. 



 

252 

 

Piland, J.R., C.F. Ireland and H.M. Reisenaur. 1944. The importance of borax in legume seed 

production in the south. Soil Sci. 57: 75-84. 

Pilbeam, D.J. and E.A. Kirkby. 1983. The physiological role of boron in plants. Annul. Plant 

Physiol. 6: 563-582. 

Plesnicar, M., R. Kastori, Z. Sakac, D. Pankovic and N. Petrovic. 1997. Boron as limiting factor 

in photosynthesis .and growth of sunflower plants in relation to phosphate supply. 

Agrochimica 41: 144-154. 

Polar, E. 1970. The distribution of Zn
65

 in the cotyledons of Vivia faba and its translocation 

during the growth and maturation of the plant. Plant and Soil 32: 1-17. 

Pollard, A.S., A.J. Parr and B.C. Loughman. 1977. Boron in relation to membrane function in 

higher plants. J. Exp. Bot. 28: 831-841. 

Ponnamperuma, F.N. 1972. The chemistry of submerged soils. Adv. Agron. 24: 29-33. 

Ponnamperuma, F.N., T. Cayton and R.S. Lantin. 1981. Dilute hydrochloric as acid an extract ant for 

available zinc, copper, and boron in rice soils Plant and Soil 61: 297-310. 

Prasad, M. and R. Prasad. 1996. Response of various levels of nitrogen, zinc and magnesium on 

seed cotton yield. 1: 286-287. 

Prask, J.A. and D.J. Plocke. 1971. A role for zinc in the structural integrity of cytoplasmic 

ribosome of Euglena gracilis. Plant Physiol. 48: 150-155. 

Qiong, D.Y.L. X. Rong, H.J. Hua, H. Zhiyao and Z.X. Hong, 2002. Effect of boron and 

molybdenum on the growth development and yield of peanut. Plant Nutri. Fert. Sci. 8:2, 

233. 

Rafique, E., A. Rashid, A. U. Bhatti, G. Rasool and N. Bughio. 2002. Boron deficiency in cotton grown in 

calcareous soils of Pakistan. I. Distribution of B availability and comparison of soil testing 

methods. p 349–356. In: Goldbach, H.E., P.H. Brown, B. Rerkasem, T. Thellier, M.A. 

Wimmer and R.W. Bell (eds.); Boron in Plant and Animal Nutrition. Kluwer 

Academic/Plenum Publishers, NY, USA. 

Randall, P.J. and D. Bouma. 1973. Zinc deficiency, carbonic anhydrase, and photosynthesis in 

leaves of spinach. Plant Physiol. 52: 229-232. 



 

253 

 

Ranjha, A.M., I. Ahmed, M. Iqbal and M.J. Ahmed. 2001. Rice response to applied phosphorus, 

zinc and farmyard manure. Int. J. Agri. Biol. 3: 197-198. 

Rashid, A., N. Bughio. and E. Rafique. 1994. Diagnosing zinc deficiency in rapeseed and 

mustard by seed analysis. Comm. Soil Sci. Plant Anal. 25: 3405-3412. 

Rashid, A. 1995. Nutrient indexing of cotton and micronutrient requirement of crops. 

Micronutrient project; Annual Report, 1993-94. National Agricultural Research Center, 

Islamabad, Pakistan. p. 91. 

Rashid, A. 1996. Nutrient indexing of Cotton in Multan district and Boron and Zinc nutrition of 

Cotton. In: Micronutrient Project annual report. 1994-95, NARC, Islamabad. p.76. 

Rashid, A. 2005. Establishment and management of micronutrient deficiencies in soils of 

Pakistan: A review. Soil & Environ. 24: 1-22. 

Rashid, A. 2006a. Incidence, diagnosis and management of micronutrient deficiencies in crops: 

Success stories and limitations in Pakistan. Invited paper. Proc. IFA International 

Workshop on Micronutrients, 27 Feb. 2006, Kunming, China. 

Rashid, A. 2006b. Boron deficiency in soils and crops of Pakistan: Diagnosis and 

Management.PARC, Islamabad, Pakistan. 

Rashid, A. and E. Rafique. 1997. Nutrient indexing and boron and zinc nutrition of cotton and 

susceptibility of rape seed-mustard and rice genotypes to boron deficiency. Annual 

Report, Micro nutrients, NARC, Islamabad, Pakistan. 

Rashid, A. and E. Rafique. 2000. Boron and zinc fertilizer use in cotton: importance and 

recommendations, A Pak. Agric. Res., Council publication.  Islamabad, Pakistan. 

Rashid, A. and E. Rafique. 2002. Boron deficiency in cotton grown in calcareous soils of 

Pakistan. II. Correction and criteria for foliar diagnosis: p 357-362. In: Goldbach, H.E., 

P.H. Brown, B. Rerkasem, T. Thellier, M.A. Wimmer and R.W. Bell (eds.), Boron in 

Plant and Animal Nutrition. Kluwer Academic/Plenum Publishers, NY, USA. 

Rashid, A. and F. Qayyum. 1991. Cooperative research program on micronutrient status of 

Pakistan soils and its role in crop production. Final Report 1983-90. NARC, Islamabad, 

Pakistan.  



 

254 

 

Rashid, A. and J. Ryan. 2004. Micronutrient Constraints to Crop production in soils with 

Mediterranean type characteristics: A Review. J. Plant Nutr. 27: 959-975. 

Rashid, A. and N. Ahmad. 1994. Soil Testing in Pakistan. p. 39-53. In: FADINAP Regional 

Workshop on Cooperation in Soil Testing for Asia and the Pacific. 16-18 August 1993, 

Banghok, Thailand. 

Rashid, A. E. Rafique and J. Ryan. 2002. Establishment and management of boron deficiency in 

crops in Pakistan: A country report. P. 339-348.In: Goldbach, H.E., P.H. Brown, B. 

Rerkasem, T. Thellier, M.A. Wimmer and R.W. Bell (eds.); Boron in Plant and Animal 

Nutrition; Kluwer Academic Publishers: NY, USA. 

Rashid, A. E. Rafique and N. Bughio. 2002. Boron deficiency in rainfed alkaline soils of 

Pakistan. Incidence and boron requirement of wheat. p.371-376. In: Goldbach, H.E., P.H. 

Brown, B. Rerkasem, T. Thellier, M.A. Wimmer and R.W. Bell (eds.); Boron in Plant 

and Animal Nutrition;; Kluwer Academic Publishers: NY, USA. 

Rashid, A., E. Rafique and N. Ali. 1997. Micronutrient deficiencies in rainfed calcareous 

soils of Pakistan.II. Boron nutrition of the peanut plant. Commun. Soil Sci. Plant 

Anal. 28:149-159. 

Rashid, A., E. Rafique and N. Bughio. 1994. Diagnosing boron deficiency in rapeseed and 

mustard by plant analysis and soil testing. Commun. Soil Sci. Plant Anal. 25: 2883-2897. 

Rashid, A., F. Hussain, A. Rashid, and J. Din. 1991. Nutrient status of citrus orchards in Punjab. 

Pakistan J. Soil Sci. 6: 25-28. 

Rashid, A., M. Yaseen, M.A. Ali, Z. Ahmad and R. Ullah. 2006. Residual and Cumulative effect 

of boron use in rice-wheat system in calcareous soil of Pakistan. 18
th

 World Congress of 

Soil Science July 9-15, 2006. Philadelphia, Pennsylvania, USA. 

Rashid, A., Rahmatullah and M. Salim. 1988. Soil conditions and crop factors inducing Zn 

deficiency in palnts. p. 94-117. In: Proc. National Seminar on micronutrients in soils and 

crops in Pakistan. Dec. 13-15, 1987. NWFP Agricultural University, Peshawar, Pakistan. 



 

255 

 

Rashid, A., Rahmatullah, F. Hussain, A. Latif and M. Sharif. 1979. The extent and severity of Zn 

and Cu deficiency and their mutual interaction in maize on soils of the Punjab.Pakistan J. 

Sci. Ind. Res. 23: 57-63. 

Raven, J.A. 1980. Short- and long-distance transport of boric acid in plants. New Phytol. 84: 

231-249. 

Rengel, Z. 1995. Carbonic anhydrase activity in leaves of wheat genotypes differing in Zn 

efficiency. J. Plant Physiol. 147: 251-256. 

Rerkasem, B. and J.F. Loneragan. 1994. Boron deficiency in two wheat genotypes in a warm, 

subtropical region. Agron. J. 86: 887-890. 

Rerkasem, B., R. Netsangtip, R.W. Bell, J.F. Loneragan and N. Hiranburana. 1988. Comparative 

species responses to boron on a Typic Tropaqualf in Northern Thailand. Plant Soil 106: 15-21. 

Rerkasem, B., S. Lordkaewand and B. Dell. 1997. Boron requirement for reproductive 

development in wheat. Soil Sci. Plant Nutr. 43: 953-957. 

Reuter, D.J. and J.B. Robinson. 1986. Plant analysis: an interpretation manual. Inkata Press. Ltd. 

Melbourne, Australia. 

Reuter, D.J., Loneragan J.F., A.D. Robson and Plaskett, D. 1982. Zinc in subterranean clover 

(Trifolium subterraneum L. cv. Seaton Park). I. Effects of zinc supply on distribution of zinc 

and dry weight among plant parts. Aust. J. Agric. Res. 33: 989-999. 

Rezaei, H. and M.J. Malakouti. 2001. Critical levels of iron, zinc and boron for cotton in 

Varamin Rigion. J Agric. Sci. Technol. 3: 147-152. 

Rhoden, E.G. and J.R. Allen. 1982. Effects of B, Mn and Zn on nodulation and N2-fixation in Southern 

peas. Commun. Soil Sci. Plant Anal. 13: 243-258. 

Ricemean, D.C. and G.B. Jones. 1959. Distribution of zinc and copper in subterranean clover 

(Trifohurn subterraneum L.) grown in culture solution supplied with graduated amount of 

zinc. Aust. J. Agr. Res. 9: 73-122. 

Robbertse, P.J., J.J. Lock, E. Stofberg and L.A. Coetzer. 1990. Effect of boron on directionality 

of pollen tube growth in petunia and agapanthus, South Africa J. Bot.56: 487-490. 



 

256 

 

Roberts, R.K., J.M. Gersman and D.D. Howard. 2000. Soil and foliar applied boron in 

production: An economic analysis. J. Cotton Sci. 4: 171-177. 

Robertson, G.A. and B.C. Loughman. 1973. Rubidium uptake and boron deficiency in Vicia 

faba. J. Exp. Bot. 24: 1046-1052. 

Rochester, I.J. 2007. Nutrient uptake and export from an Australian cotton field. Nutr. Cycl. 

Agroecosys. 77 : 213-223. 

Romheld, V. and H. Marschner, 1991. Functions of micronutrients in plants. p. 297-328, In: 

Mortvedt, J. J., F.R. Fox, L.M. Shuman and R.M Welch (eds.). Micronutrients in 

agriculture. 2
nd

 Ed. Soil Sci. Soc. Am.: Madison, WI, USA. 

Rominger, R.S., D. Smith and L.A. Peterson. 1975. Changes in elemental concentrations in 

alfalfa herbage at two soil fertility levels with advance in maturity. Commun. Soil Sci. 

Plant Anal. 6: 163-180. 

Rosolem, C.A. and A. Costa. 2000. Cotton growth and boron distribution in the plant as affected 

by a temporary deficiency of boron. J. Plant Nutr. 23: 518-825. 

Rosolem, C.A. and G.B. Bastos. 1997. Mineral deficiencies in cotton cv.IAC. Bragantia 56: 377-

387. 

Ruiz, J.M., M. Baghour, G. Bretones, A. Belakir and L. Romero. 1998. Nitrogen metabolism in 

tobacco plants (Nicotiana tabacum L.): Role of boron as a possible regulatory factor. Int. 

J. Plant Sci. 159: 121-126.  

Ryan, J., G. Estefan and A. Rashid. 2001. Soil and plant analysis laboratory manual. 2
nd

 ed. Int. 

Center for Agric. Res. in the Dry Areas (ICARDA), Allepo, Syria. 

Ryugo, K. 1988. Fruit Culture, Its science and art. Wiley, New York. 

Sabbe, W.E. and S.C. Hodges. 2010. Interpretation of plant mineral status. p. 265-270.In: Stwart 

. J. McD. ·D. M. Oosterhuis, J. J. Heitholt.and J. Mauney (eds.). Physiology of cotton 

Springer Dordrecht. New York. 

Sabbe, W.E., J.L. Keogh, R. Maples and L.H. Hilman. 1972. Nutrient analysis of Arkansas 

cotton and soybean leaf tissue. Arkansas Farm Res. 21: 2. 



 

257 

 

Sabino, N.P., N.M. da Silva, J.I. kondo and R.M.A. Gondim-Tomaz. 1996. Influence of 

applications and accumulation of boron on the agronomic characteristics and 

technological properties of cotton fiber. Bragantia. 55: 163-169. 

Sadana, U.S .and P.N.Takkar. 1983. Effect of ccalcium and magnesium on zinc absorption and 

translocation in rice seedlings J. Plant Nutr. 6: 705-715. 

Saeed, M. and R.L. Fox. 1977. Relations between suspension pH and zinc solubility in acid and 

calcareous soils. Soil Sci. 124: 199-204. 

Sajwan, K.S. and W.L. Lindsay. 1986. Effects of redox on zinc deficiency in paddy rice. Soil 

Sci. Soc. Am. J. 43: 683-686. 

Sakal, R. and A.P. Singh. 1995. Boron research and agricultural production p.1-31. In: 

Micronutrient research and agricultural production. Tandon, H.L.S. (ed.) Fertilizer and 

Consultation Organization, New Delhi, India. 

Sammauria, R. and R.S. Yadav. 2008. Effect of phosphorus and zinc application on growth and 

yield of fenugreek (Trigonella foenum-graecum) and their residual effect on succeeding 

pearl millet (Pennisetum glaucum) under irrigated conditions of north west Rajasthan. 

Indian J. Agric. Sci. 78: 61-64. 

Sanders, J.R. 1983. The effect of pH on the total and free ionic concentrations of manganese, zinc 

and cobalt in soil solutions. J. Soil Sci. 34: 315-323. 

Santra, G.H., D.K. Das and B.K. Mandal. 1989. Relationship of boron with iron, 

manganese, copper and zinc with respect to their availability in rice soil. Environ. 

Ecol. 7: 874-877. 

Sasaki, H., T. Hirose, Y. Watanabe and R. Ohsugi. 1998. Carbonic anhydrase activity and CO2 

transfer resistance in Zn –deficient rice leaves. Plant Physiol.118: 929-934. 

Sawan, Z.M., A.A. El-Farra and Z.A. Modamed. 1988. Effect of nitrogen fertilization, foliar 

application of calcium and some micro-elements on cottonseed, protein and oil yields oil 

properties of Egyptian cotton. Annalo Botanica. (Rome) 46: 167-174. 



 

258 

 

Sawan, Z.M., M.H. Mahmoud and O.A. Momtaz. 1997. Influence of nitrogen fertilization and 

foliar application of plant growth retardants and zinc on quantitative and qualitative 

properties of Egyptian cotton (Gossypium barbadence L. Var.Giza 75). J. Agric. Food 

Chem. 45: 3331-3336. 

Sawan, Z.M., S.A. Hafeez, A.E. Basyony and A.R. Alkasses. 2006. Cotton seed, protein, oil 

yields and oil properties as influenced by potassium fertilization and foliar application 

zinc and phosphorus. World J. Agric. Sci. 2: 66-74. 

Sawan, Z.M., S.A. Hafeez. and A.E. Basyony. 2001. Effect of nitrogen fertilization and foliar 

application of plant growth retardants and zinc on cottonseed, protein, and oil yields and 

oil properties of cotton. J. Agron. Crop Sci. 186: 183-191. 

Scaife, A. and M. Turner. 1984. Diagnosis of mineral disorders in plants, Volume 2: Vegetables. 

Chemical Publish. Comp. NY, USA. 

Schnitzer, M, and S.U. Khan. 1978. Soil organic matter. Elsevier Scientific Publ. NY, USA. 

Schon, M.K. and D.G. Blevins. 1987. Boron stem infusions stimulate soybean yield by 

increasing pods on lateral branches. Plant Physiol. 84: 969-971.  

Schon, M.K. and D.G. Blevins. 1990. Foliar boron applications increase the final number of 

branches and pods on branches of field-grown soybeans. Plant Physio. l92: 602-607. 

Schon, M.K., A. Novacky and D.G. Blevins. 1990. Boron induces hyperpolarisation of 

sunflower root cell membranes and increases membrane permeability to K
+
. J. Plant 

Physiol. 93: 566-577. 

Schwartz, S.M., R.M. Welch, D.L. GMnes, E.E. Cary. W.A. Norwell, M.D. Gilbert, M.P. 

Meredith and C.A. Sancliirico. 1987. Effect of zinc, phosphorus and root zone 

temperature on nutrient uptake by barley. Soil Sci. Soc. Am. J. 51: 371-375. 

Scott, H.D., S.D. Beasley and L.F. Thompson. 1975. Effect of lime on boron transport and 

uptake by cotton. Soil Sci. Soc. Am. Proc. 39: 1116-1121. 

Seethambaram, Y. and V.S.R. Das. 1984. RNA and RNase of rice (Oryza sativa L.) and pearl 

millet (Pennisetum americanum L. Leeke) under zinc deficiency. Plant Physiol. Biochem. 

11: 91-94. 



 

259 

 

Seethambaram, Y. and V.S.R. Das. 1985. Photosynthesis and activities and C3 and C4 

photosynthetic enzymes under zinc deficiency in Oryza sativa L. and Pennisetum 

americanurn(L.) Leeke. Photosynthetica 19: 72-79. 

Shaaban, M.M., M. Fouly and A.A. Abdel-Maguid. 2004. Zinc boron relationship in wheat 

plants grown under low of high levels of calcium carbonate in the soil. Pak. J. Biol. Sci. 

7: 633-639. 

Sharma, P.N. and T. Ramchandra. 1990. Water relations and photosynthesis in mustard plants 

subjected to boron deficiency. J. Plant Physiol. 33: 150-154. 

Sharma, P.N., A. Tripathi and S.S. Bisht. 1995. Zinc requirement for stomatal opening in 

cauliflower. Plant Physiol. 107: 751-756. 

Sharma, P.N., C. Chatterjee, C.P. Sharma, N Nautiya and S.C. Agarwala. 1979. Effect of zinc 

deficiency on development and physiology of wheat pollen. J. India Bot. Soc. 58: 330-

334. 

Sharma, P.N., C.P.S. Sharma and S.C. Agrawala. 1981. Boron effects in rice grown in sand 

culture. J. Indian Bot. Soc. 60: 187-188. 

Sharma, P.N., N. Kumar and S.S. Bisht. 1994. Effect of zinc deficiency on chlorophyll contents, 

photosynthesis and water relations of cauliflower plants. Photosynthetica 30: 353-359. 

Shchitaeva, V.A. 1984. Effect of zinc on metabolic activity of the root system of fine-fibered 

cotton. Izvestiya Akademii Nauk Turkmenskoi SSR Biologicheskaya 4: 8-13. 

Shear, C.B. and M. Faust. 1980. Nutritional Ranges in Deciduous Tree Fruits and Nuts. Hort. 

Rev. 2: 142-163.  

Shelp, B.J. 1988. Boron mobility in broccoli (Brassica oleracea Var. italic). Ann. Bot. 61: 83-95. 

Shelp, B.J. 1993. Physiology and biochemistry of boron in plants. p. 53-85. In: Gupta, U.C. 

(ed.), Boron and its Role in Crop Production. CRC Press, Boca Raton, FL, USA. 

Shelp, B.J. and V.I. Shattuck. 1987. Boron nutrition and mobility, and its relation to hollow stem 

and the elemental composition of greenhouse grown cauliflower. J. Plant Nutr. 10: 143-162. 

Shi, M.T. and G.Z. Yu. 1987. The available boron content insoils and the effect of boron 

applied to cotton. China Cottons 3: 26-27. 



 

260 

 

Shorrocks, V.M. 1997. The occurrence and correction of boron deficiency. Plant Soil 193: 

121-148. 

Shorrocks, V.M. 1992. Boron-Recent development and some views on its role in plants. p. 78-80 

In: Portch, S. (ed.). Proc. Int. Symp. on the role of sulphur, magnesium and micronutrients in 

balanced Plant Nutrion. The Sulphur Institute, Washington, DC, USA. 

Shrivastava, U.K. and D. Singh. 1988. Effect of nitrogen and zinc on growth and yield of  cotton. 

Indian J. Agron. 33: 252-260. 

Shukla, U.C. and A.K. Mukhi. 1980. Amelioration role of zinc, potassium and gypsum on maize 

growth under alkali soil conditions. Agron. J. 72: 85-88. 

Shuman, L.M. 1975. The effcct of soil properties on zinc adsorption by soils. Soil Sci. Soc. Am. 

Proc. 39: 454-458. 

Shuman, L.M. 1985. Effect of ionic strength and anions on zinc adsorption by two soils. Soil Sci. 

Soc. Am. J. 50: 1438-1442. 

Shuman, L.M. 1991. Chemical forms of micronutrients in soils.p.113-138. In: Mortvedt, J. J., 

F.R. Fox, L.M. Shuman and R.M Welch (eds.). Micronutrients in agriculture. 2
nd

 Ed. Soil 

Sci. Soc. Am.: Madison, WI, USA. 

Sillanpaa, M. 1982. Micronutrients and the nutrient status of soils: A global Study. FAO Soil 

Bull. No. 48. Food and Agriculture Organization, Rome, Italy. 

Sillanpaa, M. 1990. Micronutrient assessment at the country level: an international study. FAO 

Soils Bulletin No. 63, FAO, Rome, Italy. 

Silva, N.M., L.H., de Caravlho and O.C. Bataglia. 1979. Effects of boron application to cotton 

plant in a greenhouse study. Bragantia. 38: 153-164. 

Silvertooth, J.C., K.L. Edmisten and W.H. McCarty. 1999. Production practices. p. 451-488. In: 

Smith, C.W. and J. T. Cothren (eds.). Cotton origin, history, technology and production. 

John Wiley & Sons, NY, USA.  

Sims, J.R. and F.T. Bingham. 1967. Retention of boron by layer silicates,  sesquioxides and soil 

materials: 1. Layer silicates. Soil Sci. Soc. Am. Proc. 31: 728-732. 



 

261 

 

Sims, J.R. and F.T. Bingham. 1968. Retention of B by layer silicates, sesquioxides and soil 

materials: II. Sesquioxides. Soil Sci. Soc. Am. Proc. 32: 364-369. 

Sims, S.R. and C.V. Johnson. 1991. Micronutrients soil tests. p. 427-476. In Mortvedt, J.J., F.R. 

Fox, L.M. Shuman and R.M. Welch. (eds.). Micronutrients in agriculture. 2
nd

 Ed. Soil Sci. 

Soc. Am.: Madison, WI, USA. 

Sinclair, A.H. and A.J. Edwards. 2006. Micronutrient deficiencies in crops in Europe. p. 225-

244. In: Alloway, B. J. (ed.) Micronutrient deficiefncies in global crop production, 

Springer, Dordecht, The Netherland. 

Singh , M.V. and I.P. Abrol. 1985. Direct and residual effect of fertilizer zinc application on 

theyield and chemical composition of rice-wheat crops in an alkali soil. Fert. Res. 8:179-

191. 

Singh, B.P. and B. Singh. 1990. Response of French bean to phosphorous and boron in acid 

Alfisols in Meghalaya. J. Indian Soc. Soil Sci. 38: 769-771. 

Singh, J.P., D.J. Dahiya and R.P. Narwal. 1990. Boron uptake and toxicity in wheat in 

relation to zinc supply. Fer. Res. 24: 105-110. 

Singh, K. 1984. Determination of critical limit of zinc in rice soils in India for predicting 

response of rice to zinc application. Field Crop Res. 90: 143-149. 

Singh, K. and U.C. Shukla. 1985. Determination of critical level of zinc in non-calcareous soils 

for predicting response of wheat to applied zinc. Fert. Res. 8: 97-100. 

Singh, S.P. and V.K. Nayyar. 1995. Critical limit of zinc for cotton on a Typic Ustochrept. J. 

Indian Soc. Soil Sci. 43:479-481. 

Singh, V. and S.P. Singh. 1983. Effect of applied boron on the chemical composition of 

lentil plants. J. Indian Soc. Soil Sci. 31: 169-170. 

Singh, V. and S.P. Singh. 1984. Effect of applied boron on nutrients and uptake by barley 

crop. Curr. Agric. 8: 86-90. 

Sinha, P., R. Jain and C. Chatterjee. 2000. Interacive effect of boron and zinc on growth and 

metabolism of mustard. Commun. Soil Sci. Plant Anal. 31: 41-49. 

Skoog, F. 1940. Relationship between zinc and auxin in the growth of higher plants. Am. J. Bot. 



 

262 

 

27: 939-951. 

Slaton, N.A., J.R. Ross, R.E. DeLong, S.D. Clark, J. Schaeffer and D.L. Boothe. 2004. 

Evalunation of the residual benefits of boron fertilization on soybean and rice. AAES 

Research Series 525: 100-104. 

Smith, F.W. 1986. Interpretation of plant analysis: Concepts and principles. p 1-12.In Plant 

Analysis. An Interpretation Manual. D. J. Reuter and J. B. Robinson. (ed.). Inkata Press. 

Melbourne, Australia. 

Smith, F.W. and J.F. Loneragan. 1997. Interpretation of plant analysis: concepts and principles. 

p. 3-33. In: Plant Analysis: An Interpretation Manual. D. J. Reuter and J.B., Robinson 

(eds.), CSIRO Publishing, Collingwood, Australia. 

Smithson, J.B. 1972. Differential sensitivity to boron in cotton in the northern states in Nigeria. 

Cotton Growing Rev. 49: 350-353. 

Soil Survey Staff. 1998. Keys to Soil taxonomy. 8
th

 Ed. United States Department of Agriculture, 

National Sources Conservation Service: Washington, DC, USA. 

Sommer, A. L.and C. B. Lipman 1926. Evidence on the indispensable nature of zinc and 

boron for higher green plants. Plant Physiol. 1: 231-249. 

Soomro, A.W., A.R. Soomro, A .B. Leghari ,  M.S. Chang, A.H. Soomro and G.H. 

Tunio.  2000. Effect of boron and zinc micronutrients on seedcotton yield and 

its components. Pak. J. Bio. Sci. 3: 2008-2009. 

Sorensen, N.J. 2000. Ontogenetic Changes in macro nutrient composition of leaf-vegetable 

Crops in relation to plant nitrogen status: A review. J. Vege. Prod. 6: 75-96. 

Sotiropoulos, T.E., N.I. Therios, N.K. Dimassi, A. Bosbalidis and G. Kofilids. 2002. Nutritional 

status, growth, CO2 assimilation, and leaf anatomical responses in two kiwi fruit species 

under boron toxicity. J. Plant Nutr. 5: 1244-1261. 

Soylu, S., A. Topal, B. Sade, N. Akgun, S. Gezgin and M. Babaoglu. 2004. Yield and yield 

attributes of durum wheat genotypes as affected by boron application in boron-deficient 

calcareous soils: an evaluation of major Turkish genotypes for boron efficiency. J. plant 

Nutr. 27: 1077-1106. 



 

263 

 

Srivastava, P.C. and U.C. Gupta. 1996. Trace Elements in Crop Production. p. 356 IBH 

Publishing Co, Oxford. UK. 

Stevenson, F.J. and M.S. Ardakani. 1972. Organic matter reactions involving 

micronutrients in soils. p. 79-114. In: Mortvedt. J. J., P. M. Giordano and W. L. 

Lindsay. (eds.). Micronutrients in agriculture. Soil Sci. Soc. Am. Madison,WI. 

USA. 

Stewart, J. McD. 1986. Integrated event in the flower and fruit. p. 261-297. In: Mauney J.R. and 

Stewart, J. McD. (ed.). Cotton Physiology. Cotton Found. Ref. Book ser. No. 1 Natl. 

Cotton Counc. Am., Memphis, TN. USDA, 1999. NASS crop values: 1999 Summary. 

Available.at http://jan.manlib.Cornell.Edu/reports/nassr/price/ZCV.Bb/ (verified 8 July 

2000. 

Su, C. and D.L. Suarez. 1995. Coordination of adsorbed boron .A FTIR spectroscopic study. 

Environ .Sci. Technol. 29: 302-311. 

Suge, H., H. Takahashi, S. Arita and H. Takaki. 1986. Gibberellin relationships in zinc-deficient 

plants. Plant Cell Physiol. 27: 1010-1012. 

Sun, Z.Y. and C.J. Xu. 1986. Soil available B in the south of Hebei Province and application of 

boron to cotton. J Soil Sci. 1: 130-132. 

Sunamoto, J., H. Kondo, T. Nomura, and H. Okamoto. 1980. Liposomalmembranes. II. 

Synthesis of a novel pyrene-labeled lecithin and structural studies on liposomal bilayers. 

J. Am. Chem. Soc. 102:1146-1152. 

Swietlik, D. 1995. Interaction between zinc deficiency and boron toxicity on growth and mineral 

composition of sour orange seedlings. J. Plant Nutr. 18: 1191-1207. 

Takaki, H. and S. Arita. 1986. Tryptamine in zinc-deficient barley. Soil Sci. Plant Nutr. 32: 433- 

442. 

Takkar, P.N. 1996. Secondary and Micronutrients in Agriculture-Guidebook-cum-Directory. 

Fertilizer Development and Consultation Organization, New Delhi, India.  

http://jan.manlib.cornell.edu/reports/nassr/price/ZCV.Bb/


 

264 

 

Takkar, P.N. and C.D. Walker. 1993. The distribution and correction of zinc deficiency. p.151-

165. In: A. D. Robson (ed.) Zinc in Soils and Plants. Kluwer Acad. Publ.: Dordrecht, The 

Netherlands. 

Takkar, P.N., I.M. Chhibba and S.K. Mehta. 1989. Twenty years of coordinated research on 

micronutrients in soils and plants. Indian Institute of Soil Sci. Bhopal, India. 

Takkar, P.N., M.S. Mann and N.S. Rndhawa. 1975. Effect of direct and residual available zinc 

on yield, zinc concentration and its uptake by wheat and ground nut crops. J. Indian Soc. 

Soil Sci. 23: 91-95.  

Tanda, T. 1983. Localization of boron in membranes. J. Plant Nutr. 6: 9: 743 -749.  

Tang, P.M. and R.K. dela Fuenta. 1986. Boron and calcium sites involved indole -3-acetic-acid 

transport in sunflower hypocotyls segments. Plant Physiol. 81: 651-655. 

Tariq, M. and C.J.B. Mott. 2007. Effect of boron on the behaviour of nutrients in soil -plant 

systems-A review. Asian. J. Plant Sci. 6: 195-202. 

Tehrani, M.M. 2005. Zinc mobility and its distribution among different pools in soil. Geophysics 

Res. Abst. 7: 10561. 

Terman, G.L. 1974.Yield nutrient concentration relationships in maize. Proc.7
th

 Int. Coll. Plant 

Anal. Fertil. Prob.2: 447-458. 

Thompson, A., H.C. Lane, J.W. Jones and J.D. Heshketh. 1976. Nitrogen concentrations 

of cotton leaves, buds, and bolls in relation to age and nitrogen fertilization. 

Agron. J. 68: 617-621. 

. 

Tiwari, K.N., V. Nigam and A.N. Pathak. 1982. Effect of potassium and zinc applications on dry 

matter production and nutrient uptake by potato variety “Kufri chandramukhi” (Solanum 

tuberosum L.) in an alluvial soil of Uttar Pradash. Plant Soil 65: 141-147. 

Tiwari, T.P. 1996. Review of research into wheat sterility: the experience of Pakhribas 

Agricultural center. pp. 112-118. In: Rawson, H. M. and, K. D. Subedi. (eds.), Sterility in 

wheat in Subtropical Asia: Extent, Causes and solution, ACIAR Proceedings No.72. 



 

265 

 

Tobin, A.J. 1970. Carbonic anhydrase from parsley leaves. J. Bio chem. 245: 2656-2666. 

Tolgyesi, G. and A. Kozma. 1974. Investigation on factors affecting boron uptake by 

grasses. Agrokemia-es-Talajatan. 23: 83-98. 

Tsui, C. 1948. The role of zinc in auxin synthesis in tomato plant. Am. J. Bot. 35: 172-179. 

U.S. Salinity Laboratory Staff. 1954. Diagnosis and improvement of saline and alkali soils. 

USDA Hand book 60, Washington DC, USA. 

Ulrich, A. and F.J. Hills. 1990. Plant analysis as an aid in fertilizing sugarbeet .p. 429-447. In: 

Westerman R. L. (ed.). Soil Testing and Plant Analysis 3
rd

 ed. SSSA Book Series 3, 

Madison; WI, USA.  

Vallee, B.L. and D.S. Auld. 1990. Zinc coordination, function, and structure of zinc enzymes and 

other proteins. Biochemistry 29: 5642-5659. 

Vallee, B.L. and K.H. Falchuk. 1993. The biochemical basis of zinc physiology. Physiol. Rev. 

73: 79-118. 

Van de Venter, H.A. and H.B. Currier. 1977. The effect of boron deficiency on callose formation 

and 
14

C location in bean (Phaledus vulgaris L.) and cotton (Gossypium hirsutum L.). Am. 

J. Bot. 64: 861-865. 

Van der Waals, J. and M.C. Lake. 2006. Micronutrient deficiencies in crops in China. p. 201-

224. In: Alloway, B. J. (ed.). Micronutrient deficiencies in global crop production, 

Springer, Dordecht, The Netherland.  

Van Ginkel, G. and A. Sevanian. 1994. Lipid peroxidation-induced membrane structural 

alterations. Methods in Enzymology 233: 273-88. 

Viets. F.G. 1966. Zinc deficiency in the soil-plant system p.90-128. In: Prasad, A.S. (ed.) 

Zn Metabolism. Springfield, Illinois, Charles C. Thomas Pub. USA. 

Viti, R., S. Bartolini and C. Vitagliano. 1990. Growth regulators on pollen germination in olive. 

Acta Hort. 286: 227-230. 

Von Michael, G., E. Wilberg and K. Kouhsiahi-Tork. 1969. Durch hohe Luftfeuchtigkeit 

induzierter Bormangel. Z. Pflanzenernahr. Bodenkd 122: 1-3. 



 

266 

 

Walkley, D. and C.A. Black. 1934. An examination of the method for determining soils organic 

matter and a proposed modification of the chromic acid titration method. Soil Sci. 37: 29-

38. 

Wang, H. and J.Y. Jin. 2005. Photosynthetic rate, chlorophyll fluorescence parameters and lipid 

peroxidation of maize leaves as affected by zinc deficiency. Photosynthetica 43: 591-596. 

Wang, J.X., W.H. Chem and Y.L. Yu. 1985. The yield increasing effect of growth regulators on 

cotton and their application. China Cottons 3: 32-33. 

Wang, K., J.M. Xu, Y.Z. Wei, Y. Yang and R.W. Bell. 1997. The influence of boron fertilizer on 

distribution of extractable boron in soil profiles in rape–rice rotations in south east China. 

p. 57-61. In: Bell, R.W. and B. Rerkasem. (eds.) Boron in Soils and Plants. Development 

in Plant and Soil Sciences, Kluwer Academic Publishers, Dordrecht, The Netherlands. 

Warington, K. 1923. The effect of boric acid and borax on the broad bean and certain other 

plants. Ann. Bot. 37: 629-672. 

Watanabe, F.S. and S.R. Olsen. 1965. Test of an ascorbic acid method for determining 

phosphours in water and NaHCO3 extracts from soil. Soil Sci. Soc. Am. Proc. 29: 677-

678. 

Wear, J.I. and R.M. Patterson. 1962. Effect of soil pH and texture on the availability of water-

soluble boron in the soil. Soil Sci. Soc. Am. Proc. 26: 344-346. 

Webb, R.A. 1972. Use of the boundary line in the analysis of biological data. J. Hort. Sci. 47: 

309-319. 

Webb, W.J. and J.F. Loneragan. 1990. Zinc translocation to wheat roots and its implications for a 

phosphorus/zinc interaction in wheat plants. J. Plant Nutr. 13: 1499-1515. 

Wedepohl, K.H. 1972. Zinc. In: Hand book of geochemistry. Vol.II/3. Springer-Verlog. NY. 

USA.  

Weiner, J. and L. Fishman. 1994. Competition and allometry in Kochia scoparia. Ann. Bot. 73: 

263-271. 

Weir, R.G. and G.C. Cresswell. 1994. Plant Nutrient Disorder.Inkata Press, Melbourne, 

Australia. 



 

267 

 

Welch, R.M. 1995. Micronutrient nutrition of plants. Critical Rev. in Plant Sci. 14: 49-82. 

Welch, R.M. and W.A. Norvell. 1993. Growth and nutrient uptake by barley (Hordeum vulgare 

L. cv. Herta): Studies using an N-(2-hydroxyethyl) ethylenedinitrilotriacetic acid buffer 

nutrient solution technique. II. Role of zinc in the uptake and root leakage of mineral 

nutrients. Plant Physiol. 101: 627-631. 

Welch, R.M., M.J. Webb and J.F. Loneragan.1982. Zinc in membrane function and its role in 

phosphorus toxicity.p.710-715. In: A Scaife, (ed.) Proc. 9
th

 Int. Plant Nutrition 

Colloquium'. Common W. Agric. Bur. Slough, England, UK. 

Wells, R. and W.R. Meredith Jr.1984. Comparative growth of obsolete and modern cotton 

cultivars: II. Reproductive dry matter partitioning. Crop Sci. 24: 863-868. 

Wild, A. and A. Mazaheri. 1979. Prediction of the leaching rate of boric acid under field 

conditions. Geoderma 22: 127-136. 

Winkleman, G.E., R. Amin, W.A. Rice and M.B. Tahir. 1986. Methods manual soils laboratory. 

BARD, PARC, Islamabad, Pakistan.  

Wrobel, S. 2009. Response of spring wheat to foliar fertilization with boron under reduced boron 

availability. J. Elementol.14:395-404. 

Wrobel, S., B. Hrynzuk and N. Nowak. 2006. Fertilization with boron as a security factor of the 

nutrient availability under drought conditions. Polish. J. Environ. Sci. 15: 554-558. 

Xu, J.M., K. Wang, R.W. Bell, Y.A. Yang and L.B. Huang. 2001. Soil boron fractions and their 

relationship to soil properties. Soil Sci. Soc. Am. J. 65: 33-138. 

Yadav, O.P. and H.R. Manchanda. 1979. Boron tolerance studies in gram and wheat grown 

on a sierozem sandy soil. J. Indian Soc. Soil Sci. 27: 174-180. 

Yamauchi, T., T. Kara and Y. Sonoda. 1986. Distribution of calcium and boron in the pectin fraction of 

tomato leaf cell wall. Plant Cell Physiol. 27: 729-732. 

Yan, B., Q. Dai, X. Liu, S. Huang and Z. Wang. 1996. Flooding induced membrane damage, 

lipid oxidation and activated oxygen generation in corn leaves. Plant Soil 179: 261-268. 



 

268 

 

Yang, X., Y.G. Yu, Y. Yang, R.W. Bell and Z.Q. Ye. 2000. Residual effectiveness of boron 

fertilizer for oilseed rape in intensively cropped rice-based rotations. Nutr. Cycl. 

Agroecosys. 57: 171-181. 

Yau, S.K. and M.C. Saxena. 1997. Variation in growth, development and yield of durum wheat 

in response to high soil boron. I. Average effects. Aust. J. Agric. Res. 48: 945-949. 

Yermiyaho, U., R. Keren and Y. Chen. 1988. Boron sorption on composted organic matter. Soil 

Sci. Soc. Am. J. 52: 1309-1313. 

Yermiyaho, U., R. Keren and Y. Chen. 1995. Boron sorption by soil in the presence of 

composted organic matter. Soil Sci. Soc. Am. J. 59: 405-409. 

Yoshida, S. and A. Tanaka. 1969. Zinc deficiency of the rice plant in calcareous soils. Soil 

Sci. Plant Nutr. 15: 75-80. 

Yoshida, S., J.S. Ann and D.A. Forno. 1973. Occurrence, diagnosis and correction of zinc 

deficiency of lowland rice. Soil Sci. Plant Nutr. 19: 83-93. 

Zellweger Uster, A.G. 1994. Instruction Manual Spinlab HVI 900 High Volume Fibre Test 

System. Zellweger Uster AG. CH-8610 Uster, Switzerland. 

Zelitch, I. 1971. Photosynthesis, photorespiration and plant productivity, Academic Press, NY, 

USA. p. 240-242. 

Zeng, Q.F. 1996. Researches on the effect of zinc applied to calcareous soil in cotton field. China 

Cottons 23:21. 

Zhao, D. and D.M. Oosterhuis. 1999. Photosynthetic capacity and carbon contribution of leaves 

and bracts to developing floral buds in cotton. Photosynthetica 36: 279-290. 

Zhao, D. and D.M. Oosterhuis. 2002. Cotton carbon exchange, nonstructural carbohydrates, and 

boron distribution in tissues during development of boron deficiency. Field Crops Res. 

78: 75-87. 

Zhao, D. and D.M. Oosterhuis. 2003. Cotton growth and physiological responses to boron 

deficiency. J. Plant Nutr. 26: 855-867. 

Zhu, B. and D.M. Oosterhuis. 1992. Nitrogen distribution within a sympodial branch of cotton. J. 

Plant Nutr. 15: 1-14.  



 

269 

 

Ziaeyan, A.H. and M. Rajaie. 2009. Combined effect of zinc and boron on yield and nutrients 

accumulation in corn. Int. J. Plant Prod. 3: 35-44. 



 

270 

 

APPENDICES 

 

Appendix 1. Meteorological data recorded in experimental area during the year 2004 

 

  May  June July Aug. Sep. Oct. Nov. Dec. 

Max. Temp. Mean 40.1 25.7 37.7 35.3 34.5 30.2 27.5 22.1 

SE± 0.71 0.54 0.28 0.32 0.24 0.47 0.39 0.53 

Min. Temp. Mean 25.7 29.0 29.2 27.3 24.6 18.4 12.5 8.8 

SE± 0.54 0.39 0.21 0.37 0.22 0.65 0.35 0.31 

Relative Humidity (%) Mean* 45.1 59.2 71.3 84.4 78.5 76.4 82.6 87.5 

SE± 2.15 1.95 0.96 0.77 1.02 1.59 1.77 0.51 

Mean** 24.3 38.3 52.4 70.9 59.3 53.5 59.6 61.8 

SE± 1.62 2.05 1.09 1.36 1.14 1.45 1.73 1.18 

Sunshine hr (Total)  273.8 258.3 246.8 260.25 260 215.5 210 211 

Rainfall (mm)  2.3 17.2 0.5 71.3 0 1 0 42.3 

Heat Units (HU)  539.8 564 556.8 489.75 421.25 272.5 134.5 -4.25 

 

*8.00 AM 

**5.00 PM 
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Appendix 2. Meteorological data recorded in experimental area during the year 2005 

 

  May  June July Aug. Sep. Oct. Nov. Dec. 

Max. Temp. Mean 36.9 40.7 36.5 34.8 33.9 32.5 27.1 22.1 

SE± 0.62 0.42 0.34 0.27 0.38 0.28 0.42 0.4 

Min. Temp. Mean 23.7 28.7 29 28.3 25.1 17.9 12.3 5.5 

SE± 0.35 0.54 0.34 0.24 0.31 0.55 0.42 0.3 

Relative Humidity (%) Mean* 48.6 55.1 78.5 78.4 82.2 79.3 87.3 95.8 

SE± 2.29 1.61 0.98 0.78 0.98 1.41 1.45 0.83 

Mean** 28.4 31 61.2 62.3 65.3 60.4 62.1 65.7 

SE± 2.32 1.61 1.32 0.91 1.22 0.91 1.24 1.18 

Sunshine hr (Total)  278.3 276.3 258 294 270 293.25 235 240 

Rainfall (mm)  12.5 0 134.3 0 8.5 0 0 0 

Heat Units (HU)  458.3 574.8 533.8 497.75 419.5 300.8 125.5 -38.3 

*8.0 A.M 

**5.0 P.M 
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Appendix 3. Meteorological data recorded at in experimental area during the year 2006 

 

  Jan.  Feb. Mar. Apr. May. Jun. July. Aug. Sep.  Oct. Nov. Dec. 

Max. Temp. Mean 19.1 25.1 27.0 36.3 42.0 39.5 38.2 35.3 34.1 32.0 25.6 20.3 

SE± 0.49 0.43 0.43 0.6 0.46 0.48 0.4 0.28 0.15 0.48 0.58 0.58 

Min. Temp. Mean 6.3 13.2 15.2 20.5 27.9 27.2 30.2 28.3 25.2 21.16 15.1 8.7 

SE± 0.58 0.48 0.35 0.5 0.36 0.42 0.28 0.3 0.17 0.33 0.64 0.6 

Relative Humidity 

(%) 

Mean* 92.6 92 81.3 53.7 51.9 61.0 70.4 79.8 78.1 81.1 88.9 91.5 

SE± 1.48 0.81 1.71 1.9 1.27 1.9 1.15 1.1 0.66 1.1 1.4 1.35 

Mean** 58.5 66.1 60.2 31.3 34.2 40.3 54.1 65.2 61.2 65.5 66.2 70.32 

Sunshine hr (Total)  194.25 173.5 260.8 273.5 245.0 252.0 238 285.5 286.5 260 181.5 210.5 

Rainfall (mm)  2.5 3.8 14.7 0 0 16.2 1.5 39.1 0.0 1 6.2 28.6 

Heat Units (HU)  -87 101.8 172.8 386.5 601.8 535 580.3 505.3 424.3 344.0 160.25 -31.75 

 SE± 2.3 1.7 1.89 1.79 1.55 2.48 1.83 1.86 0.41 1.04 1.53 1.53 

*8.0 AM 

**5.0 PM 
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Appendix 4. Meteorological data recorded at in experimental area during the year 2007 

 

  Jan.  Feb. Mar. Apr. May. Jun. July. Aug. Sep.  Oct. Nov. Dec. 

Max. Temp. Mean 228 172.5 245.7 301 299.7 271. 265 275 250.7 285 187.5 214.5 

SE± 0.3 70.3 30.5 0 0 17.9 15.9 2.7 28 0 0 2.2 

Min. Temp. Mean -61.25 19.3 136.2

5 

405 535.0 534.

8 

540.7

5 

517.5 440 269.0 142.25 -

51.75 

SE± 20.1 20.8 25.4 37.3 36.3 38.9 36.7 35.7 34.6 32.3 27.5 21.0 

Relative Humidity  Mean* 0.43 0.53 0.77 0.68 0.35 0.52 0.34 0.24 0.40 0.22 0.45 0.37 

SE± 6.9 11.5 11.1 20.7 20.5 29.0 29.1 28.7 25.8 16.03 13.0 6.7 

Mean** 0.43 0.3 0.50 0.50 0.39 0.46 0.30 0.20 0.44 1.90 0.32 0.5 

Sunshine hr (Total)  89.0 91.7 88.1 55.7 53.7 68.0 75.4 79.0 81.3 79.7 92.2 95.8 

Rainfall (mm)  1 1.11 1.56 2.43 1.28 2.09 0.71 0.62 0.89 1.25 1.3 0.87 

Heat Units (HU)  60.9 70.4 65.5 41.4 31.3 47.7 58.4 62.9 68.5 63.8 80.4 74.74 

 SE± 1.73 2.11 1.64 1.64 1.10 2.70 1.39 0.94 1.14 1.44 1.43 1.89 

 

* 8.0 AM 

**5.0 P M 
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Appendix 5. Residual and cumulative effect of boron fertilizer on wheat grain and straw 

yields and its components 

 
Treatments 

B (kg ha-1) 

Wheat season (2005-06) Wheat season (2006-07) 

Residual Cumulative Residual Cumulative 

Plant height(cm) 

0.0 90.10 d 89.40 d 89.40 d 88.58 c 

1.0 90.40 d 94.30 c 92.80 cd 98.08 b 

1.5 93.30 cd 95.70 bc 95.15 bc 97.38 b 

2.0 95.50 bc 99.50 a 99.50 a 100.40 ab 

2.5 99.40 a 101.20 a 99.55a  103.20 a 

3.0 98.00 ab 98.70 ab 98.83 ab 99.30 ab 

Mean 94.45 96.47 95.87 97.82 

LSD(P≤0.05) 3.29 3.57 3.32 3.94 

Number of tillers m-2 

0.0 308.00 c 310.00 c 304.00 b 310.00 c 

1.0 310 .00 bc 319.00 bc 310.00 ab 323.00 bc 

1.5 320 .00 ab 326.00 ab 313.00 ab 337.00 ab 

2.0 329.00 a 332.00 ab 315.00 ab 339.00 ab 

2.5 328.00 a 334.00 a 318.00 a 342.00 a 

3.0 326.00 a 335.00 a 318. 00a 342.00 a 

Mean 322.75 326.00 312.00 332.17 
LSD (P≤0.05) 11.50 14.50 12.01 18.10 

Spike length (cm) 

0.0 9.90 b 10.10 b 9.90 c 10.10 b 

1.0 10.30 ab 10.60 ab 10.10 bc 10.40 ab 

1.5 10.30 ab 10.70 a 10.30 ab 10.60 ab 

2.0 10.40 a 10.60 ab 10.40 ab 10.5 ab 

2.5 10.70 a 10.90 a 10.30 ab 10.70 a 

3.0 10.60 a 10.80 a 10.50 a 10.90 a 

Mean 10.37 10.62 10.25 10.53 

LSD (P≤0.05) 0.47 0.57 0.37 0.56 

(000) grain wt.(g) 

0.0 34.15 b 33.80 c 33.80 b 34.50c 

1.0 34.80 b 36.00 b 34.80 ab 36.50 b 

1.5 35.15 ab 36.75 b  35.10 a 37.60 ab 

2.0 36.20 a 38.20 a 35.20 a 38.10 a 

2.5 36.40 a 39.10 a 35.20 a 39.10 a 

3.0 36.20 a 38.30 a 35.20 a 39.0 a 

Mean 35.48 37.03 34.88 37.47 

LSD (P≤0.05) 1.40 1.16 1.08 1.58 

Grain yield (kg ha-1) 

0.0 3863.00 c 3851 d 3848.00 d 3840.00 c 

1.0 4017.00 b 4063 c 3979.00 cd 4071.00 b 

1.5 4075.00 b 4122 bc 4033.00 bc 4166.00 ab 

2.0 4132.00 ab 4172 abc 4094.00 abc 4246.00 a 

2.5 4223.00 a 4282 a 4161.00 ab 4285.00 a 

3.0 4214.00 a 4270 ab 4205.00 a 4294.00 a 

Mean 4087.33 4126. 67 4053.33 4150.33 

LSD (P≤0.05) 132.80 150.40 158.90 153.60 

Straw Yield (kg ha-1) 

0.0 6210.00 d 6161.00.d 6158.00 c 6143.00 c 

1.0 6477.00 c 6562.00.c 6453.00 b  6563.00 b 

1.5 6479.00 c 6687.00.bc 6531.00 b 6770.00 ab 

2.0 6694.00 bc 6790.00.ab 6641.00 ab 6860.00 a 

2.5 6926.00 a 6927.00.a 6705.00 ab 6941.00 a 

3.0 6847.00 ab 6905.00.ab 6836.00 a  7002 .00a 

Mean 6605.5 6672.00 6554.0 6655.40 

LSD (P≤0.05) 227.10 224.10 280.50 248.30 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05.
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Appendix 6. Residual and cumulative effect of boron fertilizer on seed cotton yield and its components 

 

Treatments 

B (kg ha
-1

) 

Cotton season (2005) Crop season (2006) 

Seed cotton yield 

(kg ha-1) 

No. of  bolls plant -1 Boll weight 

(g) 

Residual Cumulative 

Seed cotton yield 

(kg ha-1) 

No. of  bolls plant-1 Boll weight(g) Seed cotton yield (kg 

ha-1) 

No. of  bolls plant-1 Boll weight(g) 

0.0 2492.00 c 23.00 c 3.40 b 2451.00 c 22.00 b 3.20 d 2444.00 c 22.00 c 3.30 c 

1.0 2641.00 b 25.00 b 3.50 b 2628.00 b 24.00 a 3.35 c 2674.00 b 26.00 b 3.60 ab 

1.5 2699.00 ab 26.00 ab 3.60 ab 2662.00 ab 25.00 a 3.42 bc 2718.00 ab 27.00 ab 3.60 ab 

2.0 2800.00 a 27.00 a 3.70 a 2729.00 a 25.00 a 3.50 ab 2809.00 a 28.00 a 3.70 a 

2.5 2787.00 a 26.00 ab 3.70 a 2722.00 ab 25.00 a 3.50 ab 2798.00 a 26.00 b 3.70 a 

3.0 2771.00 25.00 ab 3.60 ab 2696.00 ab 25.00 a 3.50 ab 2777.00 a 26.00 b 3.70 a 

Mean 2698.33 25.20 3.58 2648.00 24.33 3.41 2703.33 25.83 3.60 

LSD (P≤0.05) 105.8 1.2 0.1 97.6 1.4 0.1 93.0 1.3 0.1 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Appendix 7. Residual and cumulative effect of boron fertilizer on B concentration (mg 

kg
-1

) in different wheat plant parts 

 

Treatments 

B (kg ha
-1

) 

Wheat Season 

(2005-06) 

Wheat Season 

(2006-07) 

Residual Cumulative Residual Cumulative 

(a) leaves 

0.0 4.84 e 4.89 e 4.76 f 4.77 e 

1.0 7.08 d 8.13 d 6.83 e 8.34 d 

1.5 9.45 c 10.60 c 8.75 d 11.20 c 

2.0 10.81 b 11.90 b 9.47 c 12.70 b 

2.5 11.30 ab 12.70 a 10.7 b 13.58 a 

3.0 12.11 a 13.23 a 11.6 a 14.06 a  

Mean 9.27 10.24 8.69 10.78 

LSD (P≤0.05) 0.86 0.64 0.65 0.68 

 (b) straw 

0.0 4.20 e 4.20 e 3.97 e 3.95 d 

1.0 5.84 d 6.32 d 5.20 d 6.88 c  

1.5 6.64 c 7.25 c 6.41 c 7.52 c 

2.0 7.75 b 8.14 b 7.52 b 8.47 b 

2.5 8.47 a 8.87 ab 8.05 b 9.12 ab 

3.0 9.03 a 9.54 a 8.74 a 9.73 a 

Mean 6.99 7.39 6.65 7.61 

LSD (P≤0.05) 0.61 0.79 0.68 0.8 

(c) grain  

0.0 1.90 d 1.91 d 1.73 c 1.71d 

1.0 2.03 cd 2.16 c 1.96 b 2.29 c 

1.5 2.15 bc 2.28 bc 2.07 a 2.36 bc 

2.0 2.26 ab 2.37 ab 2.07 a 2.48 ab 

2.5 2.29 a 2.43 a 2.08 a 2.53 a 

3.0 2.32 a 2.47 a 2.11 a 2.57a  

Mean 2.16 2.27 2.00 2.32 

LSD (P≤0.05) 0.14 0.12 0.10 0.16 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05. 
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Appendix 8. Residual and cumulative effect of boron fertilizer on B concentration (mg 

kg
-1

) in cotton leaves at flowering stage  

 

Treatments 

B (kg ha
-1

) 

Cotton season 

(2005) 

Cotton season  

(2006) 

Residual Cumulative 

0.0 46.00 e 44.00 c 43.00 e 

1.0 55.00 d 48.00 c 56.00 d 

1.5 60.00 c 53.00 b 63.00 c 

2.0 63.00 bc 56.00 ab 67.00 bc 

2.5 66.00 ab 58.00 a 70.00 ab 

3.0 67.00 a 59.00 a 72.00 a 

Mean 59.50 53.00 61.83 

LSD (P≤ 0.05) 3.01 4.50 4.90 

     Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Appendix 9. Residual and cumulative effect of boron fertilizer on total B uptake (g ha
-1

) 

by wheat at maturity 

 

Treatments 

B (kg ha
-1

) 

Wheat (2005-06) Wheat (2006-07) 

Residual Cumulative Residual Cumulative 

0.0 33.50 e 33.20e 31.10 f 31.10 e 

1.0 46.00 d 50.30 d 41.40 e 52.50 d 

1.5 51.80 c 57.90 c. 50.20 d 60.60 c 

2.0 61.20 b 65.20 b 58.40 c 66.70 b 

2.5 68.30 a 72.50 a 62.60 b 73.10 a 

3.0 71.50 a 73.60 a 67.10 a 75.40 a  

Mean 55.38 58.78 51.80 59.90 

LSD (P≤0.05) 3.40 4.70 3.90 3.30 

        Means followed by same letter (s) do not differ significantly from each other at P≤0.05. 
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Appendix 10. Residual and cumulative effect of boron fertilizer on total B uptake by 

cotton at maturity  

 

Treatments 

B (kg ha
-1

) 

Cotton season 

2005 

Cotton season 2006 

Residual Cumulative 

0.0 186.00 d 180.00 d 183.00 d 

1.0 213.00 c 200.00 c 234.00 c 

1.5 236.00 b 207. 00 c 249.00 bc 

2.0 255.00 a 213. 00 bc 260.00 ab 

2.5 257.00 a 229.00 ab 273.00 a 

3.0 259.00 a 235.00 a 275.00 a 

Mean 234.33 210.67 245.67 

LSD (P≤0.05) 15.00 17.70 17.30 

 Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Appendix 11. Residual and cumulative effect of boron fertilizer on B–content in soil (mg 

kg
-1

)  

 

Treatments 

B (kg ha
-1

) 

Cotton 

Season 

2005 

Wheat season 

(2005-06) 

Cotton  season 

(2006) 

Wheat season  

(2006-07) 

Residual Cumulative Residual Cumulative Residual Cumulative 

0.0 0.36 f 0.33 e 0.34 e 0.34 e 0.35 e 0.32 e 0.33 e 

1.0 0.52 e 0.50 d 0.64 d 0.44 d 0.68 d 0.40 d 0.73 cd 

1.5 0.58 d 0.53 d 0.73 c 0.48 cd 0.77c 0.43 cd 0.80 c 

2.0 0.69 c 0.58 c 0.78 bc 0.52 c 0.82 bc 0.47 bc 0.88 b 

2.5 0.75 b 0.64 b 0.82 ab 0.57 b 0.87 ab 0.51 b 0.94 ab 

3.0 0.82 a 0.70 a 0.86 a 0.63 a 0.92 a 0.56 ab 0.98a 
Mean 0.62 0.55 0.70 0.50 0.74 0.45 0.78 

LSD(P≤0.05) 0.05 0.04 0.05 0.04 0.07 0.05 0.07 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Appendix 12. Residual and cumulative effect of zinc fertilizer on wheat grain and straw 

yields and its components 

 
Treatments 

Zn (kg ha-1) 

Wheat season  

(2005-06) 

Wheat season  

(2006-07) 

Residual Cumulative Residual Cumulative 

Plant height (cm) 

0.0 88.40 b 88.20 b 88.00 b 86.80 b 

5.0 92.80 a 93.40 a 91.90 ab 92.50 ab 

7.5 93.30 a 94.20 a 92.20 a 95.70 a 

10.0 93.60 a 95.70 a 94.70 a 96.60 a 

12.5 93.40 a 96.10 a 93.50 a 98.20 a 

Mean 92.30 93.50 92.06 93.96 

LSD (P≤0.05) 3.40 3.15 3.20 3.30 

No. tillers m-2 

0.0 308.00 d 312.00 c 294.00 b 298.00 c 

5.0 315.00 cd 320.00 bc 301.00 ab 322.00 b 

7.5 321.00 bc 330.00 b 312.00 a 335.00 ab 

10.0 328.00 ab 343.00 a 317.00 a 348.00 a 

12.5 332.00 a 339.00 a 315.00 a 342.00 a 

Mean 320.80 328.80 307.80 329.00 

LSD (P≤0.05) 10.10 13.72 13.20 15.50 

Spike length (cm) 

0.0 9.80 b 9.40 c 9.60 b 9.40 b 

5.0 10.10 ab 10.10 bc 9.90 ab 10.50 a 

7.5 10.40 ab 10.40 ab 10.20 11.10 a 

10.0 10.50 a 10.90 a 10.30 a 10.90 a 

12.5 10.60 a 10.80 a 10.00 ab 11.20 a 

Mean 10.28 10.32 10.06 10.62 

LSD (P≤0.05) 0.69 0.67 0.62 0.66 

(000) grain wt.(g) 

0.0 37.40 b 36.90 c 36.40 b 36.30b 

5.0 38.20 ab 38.30 b 37.50 b 39.60 a 

7.5 38.80 a 39.60 b 38.10 ab 40.00 a 

10.0 39.10 a 40.40 ab 38.70 ab 40.40 a 

12.5 39.20 a 39.30 b 39.00 ab 40.50 a 

Mean 38.54 38.90 37.94 39.36 

LSD (P≤0.05) 1.14 1.33 1.19 1.26 

Grain yield (kg ha-1) 

0.0 3845.00 c 3835.00 c 3800.00 c 3780.00 d 

5.0 4061.00 b 4122.00 b 3986.00 b 4114.00 c 

7.5 4160.00 ab 4203.00 ab 4094.00 ab 4260.00 bc 

10.0 4223.00 a 4334.00 a 4158.00 a 4425.00 a 

12.5 4246.00 a 4321.00 a 4169.00 a 4395.00 ab 

Mean 4107.00 4163.00 4041.40 4194.80 

LSD (P≤0.05) 144.00 188.00 166.70 152.50 

Straw Yield (kg ha-1) 

0.0 6311.00 c 6333.00 c 6277.00 c 6281.00 c 

5.0 6559.00 bc 6617.00 bc 6538.00 b 6664.00 b 

7.5 6822 .00 ab 6842.00 ab 6672.00 ab 6857.00 ab 

10.0 6843.00 a 7086.00 a 6777.00 a 7052.00 a 

12.5 6793 .00 ab 7027.00 a 6753.00 ab 7047.00 a 

Mean 6665.60 6781.00 6603.40 6780.20 

LSD (P≤0.05) 263.70 294.50 237.00 283.20 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Appendix 13. Residual and cumulative effect of zinc fertilizer on seed cotton yield and its components 

 

Treatments 

Zn (kg ha
-1

) 

Cotton season  

(2005) 

Crop season  

(2006) 

Seed cotton yield 

(kg ha-1) 

No. of  bolls 

plant -1 

Boll weight 

(g) 

Residual Cumulative 

Seed cotton yield  
(kg ha-1) 

No. of  bolls 
plant-1 

Boll weight 
(g) 

Seed cotton yield  
(kg ha-1) 

No. of  bolls 
plant-1 

Boll weight 
(g) 

0.0 2555.00 b 23.00 b 3.36 c 2507.00 b 24.00 c 3.20b 2524.00 c 24.00 c 3.22c 

5.0 2665.00 ab 27.00 a 3.60 b 2657.00 a  26.00 ab 3.55a 2731.00 b 27.00 b 3.60 b 

7.5 2790.00 a 29.00 a 3.68 a 2717.00 a 26.00 ab 3.60a 2875.00 a 29.00 a 3.71 a 

10.0 2680.00 ab 27.00 a 3.65ab 2692.00 a 26.00 ab 3.60a 2791.00 ab 28.00 ab 3.69 b 

12.5 2650.00 ab 26.00 ab 3.63 ab 2685.00 a 25.00 bc 3.60a 2779.00 b 27.00 b 3.68 b 

Mean 2668.00 26.40  3.58 2651.60 25.40 3.51 2740.00 27.00 3.58 

LSD (P≤0.05) 148.0 1.96 0.07 98.90 1.6 0.1 123.50 1.9 0.09 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Appendix 14. Residual and cumulative effect of zinc fertilizer on Zn concentration (mg 

kg
-1

) in various plant parts 

 

Treatments 

Zn (kg ha
-1

) 

Wheat Season 

(2005-06) 

Wheat Season 

(2006-07) 

Residual Cumulative Residual Cumulative 

(a) leaves 

0.0 18.00 d 17.50 d 13.50 d 14.00 d 

5.0 29.00 c 35.00 c 20.00 c 36.50 c 

7.5 32.00 b 39.00 b 26.00 b 40.20 b 

10.0 34.00 a 41.20 a 29.00 a 43.00 a 

12.5 35.00 a 43.00 a 30.00 a 45.00 a 

Mean 29.60 35. 14 23.70 35.74 

LSD (P≤0.05) 1.70 2.10 1.80 1.80 

(b) straw 

0.0 11.60 c 11.30 d 10.60 d 10.50 e 

5.0 12.40 c 13.40 c 11.60 c 15.20 d 

7.5 14.50 b 16.60 b 13.70 b 17.20 c 

10.0 15.80 a 17.80 a 14.90 a 18.30 b 

12.5 16.70 a 19.00 a 15.30 a 19.40 a 

Mean 14.20 15.62 13.22 16.12 

LSD (P≤0.05) 1.00 1.30 1.00 1.10 

(c) grain 

0.0 19.10 d 18.40 e 18.00 d 17.20 d 

5.0 23.40 c 25.90 d 21.00 c 28.80 c 

7.5 29.80 b 30.10 c 25.80 b 33.40 b 

10.0 33.40 a 34.40 b 28.90 a 37.00 a 

12.5 34.80 a 36.70 a 30.20 a 38.40 a 

Mean 28.10 29.10 24.78 30.96 

LSD (P≤0.05) 1.50 1.50 1.40 1.50 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Appendix 15. Residual and cumulative effect of zinc fertilizer on Zn concentration (mgkg
-1

) in 

cotton leaves at flowering stage  

 

Treatments 

Zn (kg ha
-1

) 

Cotton season 

(2005) 

Cotton season  

(2006) 

Residual Cumulative 

0.0 19.00 e 15.70 d 16.10 d 

5.0 37.00 d 29.40 c 38.80 c 

7.5 42.50 c 33.70 b 45.30 b 

10.0 46.00 b 34.60 b 49.20 a 

12.5 50.00 a 40.60 a 51.40 a 

Mean 38.90 30.80 40.16 

LSD (P≤0.05) 2.10 2.30 2.60 

      Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Appendix 16. Residual and cumulative effect of zinc fertilizer on total Zn uptake (g ha
-1

) by 

wheat at maturity 

 

Treatments 

Zn (kg ha
-1

) 

Wheat (2005-06) Wheat (2006-07) 

Residual Cumulative Residual Cumulative 

0.0 146.60 e 139.50 e 134.90 d 136.90 e 

5.0 176.30 d 195.90 d 159.50 c 219.60 d 

7.5 222.90 c 238.20 c 197.00 b 260.20 c 

10.0 249.30 b 275.20 b 221.10 a 292.80 b 

12.5 261.20 a 289.60 a 229.50 a 305.50 a 

Mean 211.26 227.68 188.40 243.00 

LSD (P≤0.05) 10.50 10.30 10.60 12.70 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Appendix 17. Residual and cumulative effect of zinc fertilizer on total Zn uptake by cotton at 

maturity 

 

Treatments 

 Zn (kg ha
-1

) 

Cotton season 2005 Cotton season 2006 

Residual Cumulative 

0.0 116.30 d 92.30 d 94.00 d 

5.0 138.10 c 113.00 c 147.30 c 

7.5 161.80 b 139.00 b 172. 00 b 

10.0 176. 03 a 148.00 a 180.80 b 

12.5 182.80 a 153.00 a 192.50 a 

Mean 155.01 129.10 157.30 

 

LSD (P≤0.05) 10.60 8.90 11.60 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05 
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Appendix 18 Residual and cumulative effect of zinc fertilizer on Zn content in soil (mg kg
-1

)  

 

Treatments 

Zn (kg ha
-1

) 

Cotton 

Season 

2005 

Wheat season 

(2005-06) 

Cotton  season 

(2006) 

Wheat season  

(2006-07) 

Residual Cumulative Residual Cumulative Residual Cumulative 

0.0 0.48 e 0.39 e 0.40 e 0.32 d 0.31 e 0.25 e 0.26 e 

5.0 1.21d 1.0 d 1.57 d 0.79 c 1.89 d 0.40 d 2.11 d 

7.5 1.48 c 1.18 c 1.71 c 0.93 b 1.98 c 0.55 c 2.33 c 

10.0 1.81b 1.42 b 1.98 b 1.08 a 2.21 b 0.63 b 2.43 b 

12.5 2.10 a 1.83 a 2.13 a 1.13 a 2.37 a 0.90 a 2.58 a 

Mean 1.4 1.16 1.56 0.85 1.75 0.55 1.94 

LSD (P≤0.05) 0.05 0.07 0.13 0.06 0.08 0.03 0.09 

Means followed by same letter (s) do not differ significantly from each other at P≤0.05
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