CONTENS

LIST OF ABBREVIATIONS ........cccooiiiiiiiininccncnccenenenes 5
CHAPTER 1. AGROTECHNOLOGICAL JUSTIFICATION
OF CHICKPEA NUTRITION SYSTEM ........ccccooiniiiiiiiiiiniiicicienee 6

1.1. Application of Mineral Fertilizers in Chickpea Nutrition Systems ... 8
1.2. Elements of Biologization in Chickpea Cultivation Technologies ...15

Conclusions frTom SECtion T.......cceeeeeeeeeeeieririeeeerrieeeeeetee et 18
CHAPTER 2. SOIL AND CLIMATE CONDITIONS

AND RESEARCH METHODOLOGY.......ccccconiiiiininienteneeeeeeeeeeenne 20
2.1. Soil and Climate Characteristics..........cevueuemereririreencrreeeecreeeeene 20
2.2. Weather Conditions During the Study Years ..........cccoceueeeeeruruenenene. 24
2.3. Research Program and Methodology ..........cccecoeeercnneneencninnnenne. 32
2.4. Characteristics of Fertilizers and Preparations Used

N the EXPETIMENLt ...ccoveveuiiirieieieieieeeec ettt ettt 37
Conclusions to Chapter 2 ........ovueueeerireeieeirieeecreee et 40
CHAPTER 3. DEPENDENCE OF WATER CONSUMPTION

IN CHICKPEA PLANTS ON NUTRITIONAL SYSTEMS ..................... 41
Conclusions for Chapter 3.........coeeerrireerennieeecrreeecseee et 46
CHAPTER 4. GROWTH AND DEVELOPMENT OF CHICKPEA
PLANTS DEPENDING ON NUTRITION SYSTEMS ...........ccccevvevneene 48
4.1. Phenological Observations of Chickpea Plants..........cccceceevrreruruenenn 48
4.2. Influence of Nutrition Systems on the Linear Dimensions

Of ChiCKPea PlantS......ccceveerreirieirieirieenieeeieesieesteesseesseessessssesessesessenes 54
4.3. Effect of Mineral Fertilizers and Inoculants

on Chlorophyll SYNthesis ........cocoeueevnreiienreccrccccceeeene 59
4.4. Leaf Area and Photosynthetic Potential ...........cccovveeenennecncncnnnee 68
4.5. Effect of Fertilizer Systems and Pre-sowing Seed Treatment

on Chickpea Nodule Growth and Development...........ccccocvvvecereeerreennenen 79
Conclusions t0 ChAPLET 4 .......ccecivveirrererieerieenieereeesseesseesseessesessesessenes 83

CHAPTER 5. OPTIMIZATION OF THE EFFECT OF NUTRITION

SYSTEMS ON THE YIELD AND GRAIN QUALITY OF CHICKPEA .. 85
5.1. Grain Yield and ItS StIUCLUTE.......cceeeveereevreereereereeeereereereereeveereeneens 85
5.2. Chickpea Grain QUAlity ........ccceeeerererereeereeeeeeeeeeeeeeeeeenenene 97
Conclusions t0 SECHION 5 ......coveereevveereereerierecreeeeere e e ere s esnenne 105



4 Scientific Principles of Optimizing the Mineral Nutrition System for Chickpea (Cicer arietinum L.)
Cultivation in the Southern Steppe of Ukraine

CHAPTER 6. ECONOMIC AND ENERGY EFFICIENCY OF CHICKPEA

NUTRITION SYSTEMS..........ieeeeeeteeeecceee e eeevee e e eeearee e e e envaaeeenes 107
6.1. Cost-effectiveness of nutrition SyStems..........coceeevererereeeerescrirennenenes 107
6.2. Economic and Energy Efficiency .........ccoceevevenveeenennencencninenenen 110
Conclusions t0 SECHION 6 ...c.vevevevererreriereieieeereeeeeereesseseeseseesesessesessenens 112
CONCLUSIONS ...ttt eectee e e e e e eeteeeesreeeeree s saeesesseeeseaennns 114
REFERENCES .........oootieeeeeeeeetteeetee ettt eeete e s veeessae e naae s saeesnneesnneenn 118
APPENDIX ...ttt e eeeteee e eeanaseeeesaaeeesessaseesennaeeas 150
Appendix A Lottt e e e et et e ettt et e e e e s e e e e e s 151
Appendix A ettt et ettt e e e e s e e e e e s 153
Appendix Bl ceeeeee ittt ettt ettt e e e e e e ees 154
Appendix Bttt ettt ettt e e e e e e 154
Appendix B eeeeeeeeeiiitit ettt e e e e e e e e 155
Appendix Bl e eeeee ettt ettt e e e e e e e 155
Appendix Bs e eeeeeeieitittittt ettt ettt e e s e e e e e e 156
APPENAIX Curnrriiieieiirieeeteiee ettt sttt ess et se e e sess e eseesesns 157
APPENAIX Cyrrerrrrieieeiireeieetrteeeee ettt sttt st s e ssssseaneesenns 159
Appendix Dl eeeeeetee ettt e e e e et e e et ettt r et e e e e e e e e e e e 161
Appendix DD eeeeeeeeeettittt e e e e e e e e e e e ettt et e e e e e e e e e e e s 163
Appendix B ceeeeeeeeetitttt e e e e e et e e ettt e e e e e e e e e e s 165
Appendix B ceeeeeeteeiitttt e et ettt e e e e e e e e e e 166
Appendix 3 eeeeeeeeeititttt e et ettt e e e e s e e e e e e 167
Appendix o ceeeeeeee ettt et ettt e e e e s e e e e e s 169
APPENAIX Fuorieiiiieeeee ettt ettt 171
Appendix (G evvveenrreeerreeeeeeeeeeeteeenensseenasaenaaeeeeaaaeeseaaseaeeeeeeeeeeeesssennnnnnnnnnnnnns 173
Appendix (Geveveennrenmriereeeeeeeeeiiettteeeeaanaaaaaaaeaaeaaaaaaeeaaeeeeeeeeetteeseannnannnnnnnnnns 174
Appendix ) TSP PP PPTPTPRRRPIRt 175
Appendix T eeee ettt e e e e e e e et ettt e e e e e e e e e e s 176

APPENAIX J vttt s s 177



