PRODUCTIVITY AND QUALITY OF RED RICE (Oryza
sativa L.) GENOTYPES AS INFLUENCED BY ORGANIC,
INORGANIC AND INTEGRATED NUTRIENT
MANAGEMENT PRACTICES

Ph.D. Thesis

by

Manish Kumar

DEPARTMRNT OF AGRONOMY
COLLEGE OF AGRICULTURE
INDIRA GANDHI KRISHI VISHWAVIDYALAYA
RAIPUR (Chhattisgarh)
2017



PRODUCTIVITY AND QUALITY OF RED RICE (Oryza
sativa L.) GENOTYPES AS INFLUENCED BY ORGANIC,
INORGANIC AND INTEGRATED NUTRIENT
MANAGEMENT PRACTICES

Thesis

Submitted to the
Indira Gandhi Krishi Vishwavidyalaya, Raipur

by
Manish Kumar

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF

Doctor of Philosophy

In
Agriculture

(Agronomy)

Roll No. 421 ID No. : AG\91\329
JULY, 2017



CERTIFICATE-I

This is to certify that the thesis entitled “Productivity and quality of red rice
(Oryza sativa L.) genotypes as influenced by organic, inorganic and integrated
nutrient management practices” submitted in partial fulfillment of the requirement
for the degree of Doctor of Philosophy in Agriculture of the Indira Gandhi Krishi
Vishwavidyalaya, Raipur, is a record of bonafide research work carried out by
MANISH KUMAR under my guidance and supervision. The subject of the thesis has

been approved by the student’s Advisory Committee and the Director of Instructions.

No part of the thesis has been submitted for any other degree or diploma or has
been publish / published part has been fully acknowledged. All the assistance and help

received during the course of the investigation has been duly acknowledged by him.

Date:
Chairman

Advisory Committee

THESIS APPROVED BY THE STUDENT’S ADVISORY COMMITTEE

Chairman : Dr.N.Pandey e
Member : Dr.(Major) G. K. Shrivastava  ,,......cceceeinrnrenrnnnnne
Member : Dr.S.C.Mukherjee e
Member - Dr. R.R. Saxena

Member - HOD, Agronomy



CERTIFICATE -II

This is to certify that the thesis entitled “Productivity and quality of red rice
(Oryza sativa L.) genotypes as influenced by organic, inorganic and integrated
nutrient management practices” submitted by MANISH KUMAR to the Indira
Gandhi Krishi Vishwavidyalaya, Raipur, in partial fulfiliment of the requirements for
the degree of Doctor of Philosophy in Agriculture in the Department of Agronomy
has been approved by the external examiner and Student’s Advisory Committee after

oral examination.

Signature External Examiner
(Name )
Date:

Major Advisor

Head of the Department

Faculty Dean

Approved / Not approved

Director of Instructions




ACKNOWLEDGEMENT

| would like to express my sincere thanks to the many wonderful people that |
have found on the path of life and education many hands pushed me forward, enlighten
by their knowledge and experience, | am ever thankful to them. All my
acknowledgements are many more than what | am expressing here.

| would like to thank my committee members for their continuous guidance and
inspiration during the course of my doctoral studies. It is my great privilege and
immense pleasure in availing this golden opportunity to express my deepest sense of
gratitude and humble indebtedness towards my Hon’ble Chairman Dr. Narendra
Pandey Former Dean College of agriculture Rajnanandgaon and Head, Department
of Agronomy, College of Agriculture, Indira Gandhi Krishi Vishwavidyalaya, Raipur
for his kind, generous and valuable guidance, intellectual inspiration, keen interest,
constant encouragement, unlimited patience and parental affection with cheerful
smiling gesture. His encouraging words always filled me with sense of courage in
every trying situation during the course of this investigation.

| equally and ineffably cheered to place on record my obligation and gratitude
to my advisory committee members Department of Agronomy, Dr.(Major)G.K.
Shrivastava, Dean stundent’s walfare, IGKV, Raipur, Dr. S. C. Mukherjee, Dean
,SGCARS, Jagdalpur and Dr. Ravi R. Saxena, ADR and Professor, Agricultural
statistics and social science for their everlasting , vibrant and valuable guidance.

| own my heartfelt gratitude to Dr. M. L. Lakhera, Professor (Agril. Statistics &
Social Science) Dr.J. D. Sarkar, Professor (Agricultural Extension), Dr. K.K. Sahu,
Professor (Soil Science & Agril. Chemistry), Dr. Alok Tiwari, Scientist (Soil Science &
Agril. Chemistry), Shri R.P.Kujur, Assistant professor (English) Dr. Hulas Pathak,
Assistant Professor (Agricultural Economics), Dr. Sanjay Kumar Dwivedi, Scientist
(Agronomy) whose diligent support & help could lead to timely completion of this
work.

| would like to express my sincere gratitude to Dr. M. Pandey (Librarian, Nehru
library, Raipur) and Shri U.K. Watti (Assistant Librarian), D.K.S. College of
Agriculture & Research Station, Bhatapara (C.G.), for giving me there kind help
during my present study.

My respected colleagues Inservice candidates and friends Dr.J.L.Salam Dr.
G.L. Sharma, Dr.Ajay Tregar, Dr. J.L. Nag, Shri N.C. Mandavi, Shri D. Khalkho and
Dr O.P. Parghaniha for their enduring help Support and wholehearted co-operation
during the entire course of study.

I am thankful to Dr. S. K. Patil, Hon ble vice chancellor, Indira Gandhi Krishi
Vishwavidyalaya, Raipur, Dr. S.S Shaw, Director of Instruction ,Dr. S. S. Rao ,
Director Research Services and Dr.O.P. Kashyap, Dean college of Agriculture, Raipur
for providing necessary facilities during the course of investigation.

| take this privilege to express my sincere thanks to the faculty members Dr. J.
S. Urkurkar, Dr. N.K Choubey, late Dr.A.P.Singh Dr. M.C. Bhambri, Dr. S.N.
Khajanji, Dr.S.K.Taunk , Dr.H.L.Sonboir Dr. G.K. DAS, , Dr. G.P. Pali, Dr. S.S.
Tuteja, Dr. G.S. Tomar, Dr. S chitale, Dr.(Mrs) A.Tandon, Dr. G.Banjara , Dr. D.
Chandrakar, Dr. A.K. Verma, Dr. Y.K. Dewangan Dr. N. Tiwari Shri S.Agrawal for



their co-operation, valuable suggestions and encouragement during the course of
study.

| express my heartfelt thanks to my colleagues and friends, Santosh Jha, Pandu
Ram Paikra, Manish Singh, Smt Neelam Tode, Chandu Lal Thakur, Lekh Ram Sahu,
Diproshan and Bhujendra Kothari for their fervent help and constant encouragement
during course of my studies and thesis writing.

My special thanks to Dr. Grish chandel, shri P. Pandey and all staff members
of SGCARS, Jagdalpur for their support.

To express my sincere gratitude to my beloved parents in the form of word in
rather restrictive both in expression and quantum, yet at his juncture it is my esteem
duty to reserve my high regards to my affectionate Father Dr .R .K. Singh , Mother
Shanti Singh , Elder sister in law Shri Prabash Pandey ,Sister Smt Anuradha Pandey ,
brother Shri Anish, babhi Chandani ,younger sister in laws Dr. Kasav and Shri Anish,
sister Anupma and Tanuja whose unfailing love and affection have always been a
source of inspiration to me.

The completion of this work is impossible without family support. I haven'’t the
words which express my heartily gratitude for my wife Sweta , beloved daughter
Sneha Singh and son Aditya Sai Singh for their love, patience, obstinate sacrifices,
support and understand me a lot to complete this endeavor.

I am thankful to all those, whose name is not mentioned here but they are
attached to me directly or indirectly and extended their cooperation and help.

And above all, my humble and devoted prostration to God Almighty with
soulful respect I bow down my head to him, who enlighten and leads me in right way,
with his blessing | reach at this stage.

Department of Agronomy, Manish Kumar
College of Agriculture

I. G. K. V., Raipur (Chhattisgarh)

Date:

ii



TABLE OF CONTENTS

Chapter No. Title Page No.

ACKNOWLEDGEMENT [

TABLE OF CONTENTS i

LIST OF TABLES iX

LIST OF FIGURES Xiv

LIST OF PLATES XV

LIST OF ABBREVIATIONS XVi

ABSTRACT XVii

I INTRODUCTION 1-5

I REVIEW OF LITERATURE 6-27
2.1 Effect of genotype 7

2.2 Effect of spacing 11

2.3 Effect of inorganic nutrient 12

2.4 Effect of organic nutrient 12

2.5 Effect of integrated nutrient management 15

2.6 Effect of micronutrient 21

2.6.1 Effect of zinc 21

2.6.2 Effect of boron 22

2.6.3 Effect of silicon 23

2.7 Interaction effect 26

1] MATERIALS AND METHOD 28-48

3.1 Experimental Site 28

3.2 Climate 28

3.3 Weather condition during the crop growth period 28

(kharif 2013 and 2014)

3.4 Physico-Chemical Characteristics of Soil 29

3.5  Cropping history of the field 29

3.6 Testcrop 29

3.7 Experimental details 34

3.8 Nursery management and transplanting 41

3.9 Fertilizer application 41

3.10 Weed management 42

3.11 Water management 42

3.12 Plant protection 42

3.13 Harvesting and threshing 42

3.14 Cultural operations and application of treatments 42

3.15 Observations recorded 43

3.15.1  Pre-harvest studies 43

3.15.1.1 Plant height 43



Chapter No. Title Page No.

3.15.1.2 Leaf area index (LAI) 43

3.15.1.3 Dry matter accumulation (g hill™) 43

3.15.1.4 Crop growth rate (CGR) 43

3.15.1.5 Relative growth rate (RGR) 44

3.15.2 Post- harvest studies 44

3.15.2.1 Number of effective tillers hill™* 44

3.15.2.2 Panicle length (cm) 44

3.15.2.3 Panicle weight () 44

3.15.2.4 Grains panicle™ 44

3.15.2.5 1,000 grain weight (g) 44

3.15.2.6 Grain yield (q ha) 44

3.15.2.7 Straw vield (q ha™) 45

3.15.2.8 Harvest index (%) 45

3.15.2.9 Root biomass (cm) 45

3.16 Chemical analysis 45

3.16.1 Iron and Zinc estimation 45

3.17 Quality characters 46

3.17.1 Paddy length :breadth (mm) 46

3.17.2 Paddy length : breadth ratio 46

3.17.3 Head rice recovery percentage 46

3.18 Production efficiency 47

3.19 Energetic 47

3.20 Economic analysis 47

3.21 Statistical analysis 48
\Y RESULTS AND DISCUSSION 49-189

4.0 Weather effect 49

4.1 Red rice Expt. No. -1 51

4.1.1 Pre-harvest studies 51

4.1.1.1 Plant height (cm) 51

4.1.1.2 Dry matter accumulation (g hill™) 51

4.1.1.3 Leaf area index 58

4.1.1.4 Crop growth rate (g hill™* day™) 66

4.1.1.5 Relative growth rate (g g™ hill* day™) 76

4.1.2. Root volume, yield attributes and yield 76

4.1.2.1 Root volume(cc) 76

4.1.2.2 Effective tillers ( No .hill %) 76

4.1.2.3Panicle length (cm) 92

4.1.2.4 Panicle weight (g) 93

4.1.2.5 Grains panicle™ (No) 93

4.1.2.6 Test weight (g) 93



Chapter No. Title Page No.

4.1.2.7 Grain yield (q ha™) 94

4.1.2.8 Straw yield (g ha™) 94

4.1.2. 9 Harvest index (%) 95

4.1.3 Nutrient content in red rice 95

4.1.3.1 N content in grain and straw (%) 95

4.1.3.2 P content in grain and straw (%) 96

4.1.3.3 P content in grain and straw (%) 105

4.1.3.4 Zinc content in grain (ppm) 105

4.1.3.5 Iron content in grain (ppm) 106

4.1.4 Economics 106

4.1.4.1 Gross return ('000 Rs/ ha) 106

4.1.4.2 Net return ('000 Rs/ ha) 107

4.1.4.3 B:Cratio (‘000 Rs/ ha) 107

4.1.5 Energetics 108

4.1.5 .1 Energy use efficiency (MJ*x10®%) 108

4.1.5 .2 Energy output input ratio 108

4.1.5 .3Energy productivity (g MJ ha™) 109

4.1.5 .4 Energy intensiveness (MJ Re™) 109

4.1.5 .5 Production efficiency (kg ha™ day™) 110

Discussion on effect of genotype 110

Discussion on effect of plant spacing 112

Discussion on effect of fertitity levels 112

Discussion on interaction effect between genotype and plant 113

spacing

Discussion on interaction effect between genotype and 114
fertility levels

Discussion on interaction effect between plant spacing and 114
fertility levels

Discussion on micro-nutrient content 115

Discussion on economics 118

4.2 Red rice Expt. No. —II 118

4.2.1 Pre harvest observation 118

4.2.1.1 Plant height (cm) 118

4.2.1.2 Dry matter accumulation (g hill™) 121

4.2.1.3 Leaf area index 121

4.2.1.4 Crop growth rate (g hill* day™) 121

4.2.15 Relative growth rate (g g™ hill"* day™) 124

4.2.2. Root volume, yield attributes and yield 124

4.2.2.1 Root volume(cc) 124

4.2.2.2 Effective tillers ( No .hill 1) 124



Chapter No. Title Page No.

4.2.2.3Panicle length (cm) 127

4.2.2.4 Panicle weight (g) 127

4.2.2.5 Grains panicle™ (No) 127

4.2.2.6Test weight () 127

Discussion on growth and yield attributes 130

4.2.2.7 Grain yield (q ha™) 133

4.2.2.8 Straw yield (g ha™) and harvest index 136

Discussion on yield and harvest index 136

4.2.3 Nutrient content in red rice 142

4.2.3.1 N content in grain and straw (%) 142

4.2.3.2 P content in grain and straw (%) 142

4.2.3.3 P content in grain and straw (%) 142

4.2.3.4 Zinc content in grain (ppm) 145

4.2.3.5 Iron content in grain (ppm) 145

4.2.4 N, P and K uptake by red rice 145

4.2.4.1 N uptake (kg ha™) 145

4.2.4.2 P uptake (kg ha) 145

4.2.4.3 K uptake (kg ha™) 148

Discussion on nutrient concentration and uptake 148

4.2.5 Quality Parameters 150

4.2.5.1 Head rice recovery of paddy 150

4.2.5.2 Length, breadth and L/B ratio of paddy 150

Discussion on quality Parameters 150

4.2.6 Economics 151

4.2.6.1 Gross return (‘000 Rs/ ha) 151

4.2.6.2 Net return ('000 Rs/ ha) 151

4.2.6.3 B:C ratio (‘000 Rs/ ha) 151

4.2.7 Energetic 152

4.2.7 .1 Energy use efficiency (MJ™'x10°®) 152

4.2.7 .2 Energy output input ratio 152

4.2.7 .3Energy productivity (g MJ ha) 152

4.2.7 .4 Energy intensiveness (MJ Re™) 152

4.2.7 .5 Production efficiency (kg ha™ day™) 153

Discussion on economics, energetics and production 153
efficiency

4.3 Red rice Expt. No. -1l 154

4.3.1 Pre harvest observation 154

4.3.1.1 Plant height (cm) 154

4.3.1.2 Dry matter accumulation (g hill™) 154

Vi



Chapter No. Title Page No.

4.3.1.3 Leaf area index 157

4.3.1.4 Crop growth rate (g hill* day™) 157

4.3.1.5 Relative growth rate (g g™ hill* day™) 160

4.3.2. Root volume, yield attributes and yield 160
4.3.2.1 Root volume(cc) 160

4.3.2.2 Effective tillers ( No .hill %) 163
4.3.2.3Panicle length (cm) 163

4.3.2.4 Panicle weight (g) 163

4.3.2.5 Grains panicle™ (No) 163

4.3.2.6 Test weight () 166

Discussion on growth and yield attributes 166
4.3.2.7 Grain yield (q ha™) 169

4.3.2.8 Straw yield (q ha™) 169

4.3.2.9 Harvest index (%) 172

Discussion on yield and harvest index 172
4.3.3 Nutrient content in red rice 175
4.3.3.1 N content in grain and straw (%) 175

4.3.3.2 P content in grain and straw (%) 175

4.3.3.3 P content in grain and straw (%) 175

4.3.3.4 Zinc content in grain (ppm) 178

4.3.3.5 Iron content in grain (ppm) 178

4.3.4 N, P and K uptake by red rice 178
4.3.4.1 N uptake (kg ha™) 178

4.3.4.2 P uptake (kg ha™) 178

4.3.4.3 K uptake (kg ha™) 178

Discussion on nutrient concentration and uptake 181
4.3.5 Quality Parameters 185
4.3.5.1 Head rice recovery of paddy 185

4.3.5.2 Length, breadth and L/B ratio of paddy 185
Discussion on quality Parameters 185
4.3.6 Economics 187
4.3.6.1 Gross return ('000 Rs/ ha) 187

4.3.6.2 Net return ('000 Rs/ ha) 187

4.3.6.3 B:C ratio ('000 Rs/ ha) 187

4.3.7 Energetic 187
4.3.7 .1 Energy use efficiency (MJ™*x10°®) 187

4.3.7 .2 Energy output input ratio 188

4.3.7 .3Energy productivity (g MJ ha™') 188

4.3.7 .4 Energy intensiveness (MJ Re™) 188

4.3.7 .5 Production efficiency (kg ha™ day™) 188

vii



Chapter No. Title Page No.
Discussion on economics, energetics and production 188
efficiency

\Y/ SUMARRY ,CONCLUSION AND SUGGESTIONS FOR 190-211
FUTURE RESEARCH WORK
5.1 Red rice Experiment No. -I 192
5.1.1 Effect of genotype 192
5.1.2 Effect of spacing 193
5.1.3 Interaction effect 193
5.2 Red rice Experiment No. —II 198
5.3 Red rice Experiment No. —IlI 204
REFERENCES 212-229
APPENDICES 230-233
Appendix- | 230
Appendix-II 231
Appendix-I11 232
Appendix-1V 233
VITA 234

viii



LIST OF TABLE

Table No. Tittle Page No.
3.1 Initial physico-chemical properties of the soil (0-20 cm) of 34
the experimental soil
3.2 Treatment details of Experiment No.-I 35
3.3 Treatment details of experiment No.-II 37
3.4 Treatment details of experiment No.-II 39
35 Calendar of cultural operations in red rice 42
4.1.1 Plant height at different duration of red rice as influenced 52

by genotypes under varied spacing and fertility levels

4.1.2 Plant height at different duration of red rice as influenced by 53
interaction between genotypes and spacing

4.1.3 Plant height at different duration of red rice as influenced by 54
interaction between genotype and fertility levels

414 Dry Weight at different stages of red rice as influenced by 55
genotypes under varied spacing and fertility levels

4.1.5 Dry Weight at different stages of red rice as influenced by 56
interaction between genotypes and varied spacing

4.1.6 Dry Weight at different stages of red rice as influenced by 57
infraction between genotypes and fertility levels

4.1.7 Leaf area index at different stages of red rice as influenced 59
by genotypes under varied spacing and fertility levels

4.1.8 Leaf area index at different stages of red rice as influenced 60
by interaction between genotypes and varied spacing

4.1.9 Leaf area index at different stages of red rice as influenced 61
by interaction between genotypes and fertility levels

4.1.10 Crop growth rate at different stages of red rice as 62
influenced by interaction between genotypes and varied
spacing

4111 Crop growth rate at different stages of red rice as 63
influenced by interaction between genotypes and varied
spacing

4.1.12 Crop growth rate at different stages of red rice as influenced 64
by interaction between varied spacing and fertility levels

4.1.13 Relative crop growth rate at different stages of red rice as 65

influenced by interaction between genotypes under varied
spacing and fertility levels

4.1.14 Root volume, effective tillers and length of panicle of red 67
rice as influenced by genotypes under varied spacing and
fertility levels



Table No. Tittle Page No.

4.1.15 Root volume, effective tillers and length of panicle of 68
panicle of red rice as influenced by interaction between
genotypes and varied spacing

4.1.16 Effective tillers and length of panicle of red rice as 69
influenced by interaction between genotypes and fertility
levels

4.1.17 Panicle weight, grains panicle™ and test weight of red rice 70
as influenced by genotypes under varied spacing and
fertility levels

4.1.18 Panicle and test weight of red rice as influenced by 71
interaction between genotypes and varied spacing

4.1.19 Test weight and root volume of red rice as influenced by 72
interaction between genotypes and fertility levels

4.1.20 Root volume of red rice as influenced by interaction 73
between varied spacing and fertility levels

4.1.21 Yield and harvest index of red rice as influenced by 74
genotypes under varied spacing and fertility levels

4.1.22 Yield and harvest index of red rice as influenced by 75
interaction between genotypes and varied spacing

4.1.23 Iron and zinc concentration in grain index of red rice as 76
influenced by genotypes under varied spacing and fertility
levels

4.1.24 Zinc concentration in grain of red rice as influenced by 77
genotypes and varied spacing

4.1.25 Iron and zinc concentration in grain of red rice as 78
influenced by interaction between genotypes and fertility
levels

4.1.26 N content in grain and straw of red rice as influenced by 79
genotypes under varied spacing and fertility levels

4.1.27 N content in grain and straw of red rice as influenced by 80
interaction between genotypes and varied spacing

4.1.28 N content in grain and straw of red Rice as influenced by 81
interaction between genotypes and fertility levels

4.1.29 N content in of red Rice as influenced by interaction 82
between varied spacing and fertility levels

4.1.30 P content in grain and straw of red Rice as influenced by 83
genotypes under varied spacing and fertility levels

4.1.31 P content in grain and straw of red Rice as influenced by 84
interaction between genotypes and varied spacing

4.1.32 P content in grain of red rice as influenced by interaction 85

between genotypes and fertility levels



Table No. Tittle Page No.

4.1.33 P content in grain and straw of red rice as influenced by 86
interaction between varied spacing and fertility levels

4.1.34 K content in grain and straw of red rice as influenced by 87
genotypes under varied spacing and fertility levels

4.1.35 K content in grain and straw of red rice as influenced by 88
interaction between genotypes and varied spacing

4.1.36 K content in grain and straw of red rice as influenced by 90
interaction between genotypes and fertility levels

4.1.37 K content in grain and straw of red rice as influenced by 91
interaction between varied spacing and fertility levels

4.1.38 Economics of red rice as influenced by genotypes under 97
varied spacing and fertility levels

4.1.39 Economics of red rice as influenced by interaction between 98
genotypes and varied spacing

4.1.40 Energy of red rice as influenced by genotypes under varied 99
spacing and fertility levels

4.1.41 Energy of red rice as influenced by interaction between 100
genotypes and varied spacing

4.1.42 Energy of red rice as influenced by interaction between 101
genotypes and fertility levels

4.1.43 Production efficiency and energy of intensiveness of red ice 102
as influenced by genotypes under varied spacing and
fertility levels

4.1.44 Production efficiency and energy of intensiveness of red 103
rice as influenced by interaction between genotypes under
and varied spacing

4.1.45 Energy intensiveness of red rice as influenced by 104
interaction between genotypes and fertility levels

4.2.1 Plant height at different stages of red rice as influenced by 119
integrated use of inorganic, organic and micro nutrients

4.2.2 Dry matter accumulation at different stages of red rice as 120
influenced by integrated use of inorganic, organic and micro
nutrients

4.2.3 Leaf area index of red rice at different interval as 122
influenced by integrated use of inorganic, organic and micro
nutrients

4.2.4 Crop growth rate at different stages of red rice as 123
influenced by integrated use of inorganic, organic and micro
nutrients

4.2.5 Relative growth rate at different stages of red rice as 125

influenced by integrated use of inorganic, organic and micro

Xi



Table No. Tittle Page No.
nutrients
4.2.6 Root volume ,effective tillers and length of panicle of red 126
rice as influenced by integrated use of inorganic, organic
and micro nutrients
4.2.7 Panicle weight, grains panicle™ and test weight of red rice 128
as influenced by integrated use of inorganic, organic and
micro nutrients
4.2.8 Yield and  harvest index of red rice as influenced by 129
integrated use of inorganic, organic and micro nutrients
4.2.9 N content in red rice as influenced by integrated use of 131
inorganic, organic and micro nutrients
4.2.10 P content in red rice as influenced by integrated use of 132
inorganic, organic and micro nutrients
4211 K content in red rice as influenced by integrated use of 134
inorganic, organic and micro nutrients
4.2.12 Zinc and Iron content in grain of red rice as influenced by 135
integrated use of inorganic, organic and micro nutrients
4.2.13 N uptake by red rice as influenced by integrated use 137
of inorganic, organic and micro nutrients
4.2.14 P uptake by red rice as influenced by integrated use of 138
inorganic, organic and micro nutrients
4.2.15 K uptake by red rice as influenced by integrated use of 140
inorganic, organic and micro nutrients
4.2.16 Length, breadth and L/B ratio of red rice as influenced by 141
integrated use of inorganic, organic and micro nutrients
4.2.17 Head rice recovery of red rice as influenced by integrated 143
use of inorganic, organic and micro nutrients
4.2.18 Economics of red rice as influenced by integrated use of 144
inorganic, organic and micro nutrients
4.2.19 Energetic of red rice as influenced by integrated use of 146
inorganic, organic and micro nutrients
4.2.20 Energy intensiveness and production efficiency of red 147
rice  as influenced by integrated use of inorganic,
organic and micro nutrients
431 Plant height at different stages of red rice as influenced 155
by organic and inorganic application of nutrients
4.3.2 Dry matter accumulation at different stages of red rice as 156
influenced by organic and inorganic application of nutrients
4.3.3 Leaf area index at different stages of red rice as influenced 158
by organic and inorganic application of nutrients
4.3.4 Crop growth rate at different periods of red rice as 159

xii



Table No. Tittle Page No.

influenced by organic and inorganic application of nutrients

4.3.5 Relative Crop growth rate at different periods of red rice 161
as influenced by organic and inorganic application of
nutrients

4.3.6 Root volume ,effective tillers and length of panicle of red 162
rice as influenced by organic and inorganic application of
nutrients

4.3.7 Panicle weight, grains panicle™ and test weight of red rice 164
as influenced by organic and inorganic application of
nutrients

4.3.8 Yield and harvest index of red rice as influenced by organic 165
and inorganic application of nutrients

4.3.9 N content in red rice as influenced by organic and 167
inorganic application of nutrients

4.3.10 P content in red rice as influenced by organic and inorganic 168
application of nutrients

43.11 K content in red rice as influenced through organic and 170
inorganic application of nutrients

4.3.12 Zinc and iron content in grain of red rice as influenced by 171
organic and inorganic application of nutrients

4.3.13 N uptake by red rice as influenced by organic and 173
inorganic application of nutrients

4.3.14 P uptake by red rice as influenced by organic and 174
inorganic application of nutrients

4.3.15 K uptake by red rice as influenced by organic and 176
inorganic application of nutrients

4.3.16 Length , breath and L/B ratio of paddy as influenced by 177
organic and inorganic application of nutrients

4.3.17 Head rice recovery of red rice as influenced by organic and 179
inorganic application of nutrients

4.3.18 Economics of red rice as influenced by organic and 180
inorganic application of nutrients

4.3.19 Energetic of red rice as influenced by organic and 182
inorganic application of nutrients

4.3.20 Energy intensiveness production efficiency of red rice as 183

influenced by organic and inorganic application of nutrients

Xiii



LIST OF FIGURES

Fig. No. Title Page No.

3.1 Weekly meteorological data during the crop growth period 30
(22 to 48 SMW) of kharif 2013

3.2 Weekly rainfall data during the crop growth period (22 to 48 31
SMW) of kharif 2013

3.3 Weekly meteorological data during the crop growth period 32
(22 to 48 SMW) of kharif 2014

34 Weekly rainfall data during the crop growth period (22 to 48 33
SMW) of kharif 2014

3.5 Layout of experiment No. I (Kharif season of 2013 and 36
2014)

3.6 Layout of experiment No. Il (Kharif season of 2013 and 38
2014)

3.7 Layout of experiment No. Il (Kharif season of 2013 and 40

2014)

Xiv



LIST OF PLATES

Plate No. Title Page No.
1 Photo graphs of red rice during kharif 2013 116
2 Photo graphs of red rice during kharif 2014 117

XV



LIST OF ABBREVIATIONS

Abbreviations  Description Abbreviations Description

+ Plus m™ Square metre

% Per cent max. Maximum

@ At the rate mg milligram

a.l. Active ingredient MJ Mega joule

B: C ratio Benefit cost ratio mm Millimeter

°Cc Degree Celsius min. Minimum

CG Chhattisgarh Mt Millon ton

CGR Crop growth rate N Nitrogen

cm Centimetre Na Sodium

DAT Days after transplanted No. Number

EC Emulsifiable concentrates NS Non- significant

et al. And others/ co-workers P=0.05 Probability of (95)

Fig Figure P Phosphorus

g Gram q Quintal

ha Hectare RGR Relative growth rate

at Per hectare Rs. Rupees

Hrs Hour SC Soluble concentrates

Hrt Per hour SL Soluble liquid

ie. That is S. No. Serial number

K Potassium T Tonnes

Kg Kilogram viz. For example

km™ Per kilometre WP Wettable powder

km Kilometre W/V Weight/volume

Kmph Kilometre per hour WDG Weight/dissolved
grains

m Metre PPM Part per million

XVi



THESIS ABSTRACT

a) Title of the Thesis : Productivity and Quality of Red Rice (Oryza sativa L.)
Genotypes as Influenced by Organic, Inorganic and
Integrated Nutrient Management Practices

b) Full name of the student : Manish Kumar

c) Major Subject . Agronomy

d) Name and Address of the : Dr. N Pandey, Professor & Head, Department of
Major Advisor Agronomy, College of Agriculture, IGKV, Raipur (C.G.)

e) Degree to be Awarded . Doctor of Philosophy in Agriculture (Agronomy)

Signature of the Student
Signature of the Major Advisor

Date: Signature of Head of the Department

ABSTRACT

In order to the increase the productivity of red rice, three separate field experiments, first
on performance of different red rice genotypes under varied spacing and fertility level, second on
grain yield and nutrient uptake of red rice as influenced by integrated use of inorganic, organic
and micro nutrients ,while third on enhancement of productivity and quality of red rice through
organic and inorganic application of nutrients were conducted during kharif season of 2013 and
2014 at Instructional cum Research Farm of Shaheed Gundadhoor College and Agricultural
Research Station, Jagdalpur, Chhattisgarh. The soil of the experimental site is characterized as
silty loam (fairly leveled). The soil was locally known as Mal (Alfisols). It is well fertile soil
belongs to mid land situation of landscape in Jagdalpur .The soil was slightly acidic in reaction
and medium to low in fertility levels having low in nitrogen and phosphorus and high in potash
contents . Rainfall received during cropped period was 695.9 mm and 792 mm in 50 and 49

rainy days in the year of 2013 and 2014, respectively.
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In first experiment, treatments comprised of 3 red rice genotypes (RR 14 EN-7, RR 14
EN-8 and RR 12 EN-11) in main-plot, 2 spacing (15 cm x 10 cm and 20 c¢m x 10 cm) in sub-
plot and 3 fertility levels ( 60:40:30 N:P,0s:K,0 kg ha™, 90:60:40 N:P,0s:K,0 kg ha™) and
120:60:40 N:P,0s:K,0 kg ha) in sub-sub plot were tested in split-split design with three
replications. In second experiment, treatments was composed of 12 integrated use of inorganic,
organic and micro-nutrient Viz. NgoPeoKao (T1),N120PsoKeo (T2), NgoPeoKao+FYMs;  (T3),
N120PgoKeo+ FYMst (T4), NgoPsoKao+Zn (Ts), NgoPeoKao+Si (Te), NaoPsoKao+B (T7), NgoPeoKao+Zn
+S1 (Tg), NgoPsoKaot+Zn +B (Tg), NegoPeoKao+B+ Si (T10), NeoPeoKaotZn+ S; +B (T11)and  Control
(T12). These treatments were laidout in randomized block design with three replications. Red rice
genotype RR12EN-11 was taken as a test crop. In third experiment, 9 treatments comprised of
organic and inorganic application of nutrients i.e. NgoP4oKso (1) (T1), N 120Ps0Kao (1) (T2), N o
P4oK 30 (25% O +75% 1) (T3), N120PsoKao (25% O +75% 1) (T4), Neo P2oKszo (50% O +50 % 1)
(Ts), N120PsoKao (50% O +50% 1) (Ts), N of Ty applied through organics (O) + FS of N at T and
Pl stages (T7), N of T, applied through organics (O) + FS of N at T and PI stages (Tg) and
Control (Tg) were laid out in randomized block design with three replications. Red rice genotype
RR12EN-1 was grown as test crop.

The findings on performance of different red rice genotypes grown at varied spacing and
fertility levels revealed that genotype RR 12 EN-11 produced significantly highest number of
grain panicle™, longest panicle, test weight, grain and straw yield. The gross return, net return,
B:C ratio , energy use efficiency, energy output input ratio, energy productivity, and production
efficiency were also registered in genotype RR12EN-11. The planting of these genotype at
spacing 20cm x10cm registered higher number of effective tillers hill™, longer panicle, panicle
weight, grain panicle-1, test weight, root volume and straw yield. While the higher grain yield,
net return and B:C ratio were registered under spacing 15cm x10cm during both the years. The
increase in above parameter was supported with the observation of growth and vyield
components. The concentration of zinc and uptake nitrogen and phosphorus followed similar
pattern to that of grain yield. The application of 120:60:40 N:P,0s:K,0 kg ha™ increased growth,
yield components, grain yield, gross and net return and B:C ratio. The highest energy use
efficiency, energy output input ratio, energy productivity and energy of intensiveness was also
observed under fertility levels 60:40:30 N:P,0s:K,0 kg ha™ during both the years.

XViii



The interaction of genotypes and spacing revealed that red rice genotype RR 12 EN-11
planted at spacing of 20cm x 10cm gave the highest grain yield, net return and B: C ratio and
energy use efficiency during both the years. While interaction of genotype and fertility levels
revealed that red rice genotype RR 12 EN-11fertilized with 120:60:40 N:P,0s:K,0 kg ha™ gave
the highest grain yield, net return and B:C ratio and it was followed by genotype RR 14 EN-8
with spacing 15 cm x10cm and fertility level of 120:60:40 N:P,0s:K,0 kg ha™.

The findings of inorganic, organic and micronutrients application of nutrients indicated
that application of NgoPeoKao+Znas +S4+B1g ha™ (T11) increased grain yield, net return and B:C
ratio, which was comparable to that of NisoPgoKeo ha™ (T2), Ni2oPsoKeo FYM5t h™t (T,) and
NgoPeoKao + S4 ha' (Te). The increase was mainly due to enhancement in growth and yield
attributes. The concentration and uptake of nutrient also increased in these treatments.

The results obtained from organic and inorganic application of nutrients revealed that
effective tillers hill™*, panicle length and weight, grains panicle™, grain and straw yield, harvest
index, root volume, zinc and iron content in grain, nitrogen, phosphorus and potash content in
grain and straw, gross and net returns and B:C ratio were significantly highest under treatment
N120PsoKao (50% O +50% 1) (T) but it was comparable to Ni20PgoKao (25% Organic +75 %

Inorganic (T,) was applied to the crop during both the years.
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CHAPTER -1
INTRODUCTION

Rice is an important food crop for a large proportion of the world's
population. It is staple food in the diet of the population of Asia, Latin America
and Africa (Fageria, 2001). Rice is cultivated on all the continents except
Antarctica, over an area of more than 161 million ha (production of about 680
million metric tonnes), but most rice production takes place in Asia (Fageria,
2014). It occupies about 23% of the total area under cereal production in the world
(Jagadish et al., 2010). The historical importance of rice in Asia is so significant
that it supported many civilizations in the river deltas of India, China, and
Southeast Asia and has become deeply intertwined with the cultures in these
regions (Krishan et al., 2011). More than 90% of rice is produced and consumed in
Asia (Grewal et al., 2011). During the thousands of years since its domestication,
Asia rice has been cultivated under significantly diverse agro-ecosystems to meet
different human demands (Xiong et al., 2011). This has resulted in tremendous
genetic diversity in rice around the world, as shown by different molecular tools
such as the analysis of restriction fragment length polymorphism and simple
sequence repeats (Zhang et al., 1992). As a consequence, many rice varieties with
different characteristics have arisen under natural and human selection (Vaughan et
al., 2007). Yan et al. (2010) studied genetics diversity in the USDA rice world
collection and concluded that germplasm accessions obtained from the Southern
Asia, Southeast Asia, and Africa were highly diversified, while those from North

America and Western and Eastern Europe had the lowest diversity.

Rice is the major food of more than 3 billion people representing the major
carbohydrate and even protein source not only in South East Asia but also in some
part of Africa. Deficiencies of from (Fe) and Zinc (Zn) results in impaired mental
development, anaemia, reduced immunity, poor appetite and stunting.
Micronutrient malnutrition is caused by poor quality diets. Increasing the Fe and

Zn concentration of staple foods, such as rice could solve Fe and Zn deficiencies.



Enhancement of cereals grains with micronutrients is a high priority area of
research and will contribute to minimising micronutrients deficiency related health
problems in humans (Prasad et al., 2013). Foliar feeding is a relatively new and
controversial technique by applying liquid fertilizer directly to their leaves (Mahdi
et al.,, 2011). Ferti-fortification, which involves fertilizing crops with micro
nutrients, gives immediate results by increasing the concentration of micronutrients
in plant with an increase in yield. Foliar feeding results in rapid absorption and is
less costly (Elfouly and El-Saxed, 1997). Iron (Fe) and zinc (Zn) can play an

important role in increasing yield of cereals including rice.

The rice is stable food crop of nearly 60% population of the country and in
Chhattisgarh too rice is a staple food for majority of the population. In

Chhattisgarh, rice is grown in nearly 74% of total cultivated area during rainy

season having the productivity level of 1.6 t ha{1 with total production of 9.23
millions tonnes. The Chhattisgarh is mainly having three defined agro climate
zones i.e. Chhattisgarh plain, Bastar plateau and Northern hilly region. Among
these Northern Hills of Surguja and Baster plateau is dominated by tribal
population. The malnutrition is serious problem in these agro climate zones. The
red rice is popularly grown in Baster plateau of the state with low productivity and
so far, no attention have been given to enhance the productivity of red rice.

Health conscious individuals or those with special nutritional needs are
often recommended to consume colour rice in place of the more popular type of
rice i.e. white rice. It is said that of the three colours, brown and red bring more
nutritional benefits to the consumer than white rice. Red rice can refer to many
forms of rice of which one common description is that red rice is partially hulled or
unhulled rice that have red husks. They are similar to brown rice in terms of the
milling process and have a nutty taste and provide high nutrition. Red rice can also
mean ‘red yeast rice’ which is a product offered by Japan and China. Red yeast
rice may be eaten as regular rice or a medical ingredient as part of dietary
treatment for a variety of health conditions such as indigestion, harmful

cholesterol, and blood circulation concerns. Lastly, red rice can also mean a wild



rice variety that is regarded as a weed because it produces very few grains and can
cross-breed with regular rice, resulting in low-quality rice crops. Anthocyanins are
the pigments that give the rice its red colour. Anthocyanin is a known antioxidant
that is linked to lowering the risk of developing several chronic health conditions.
Similar to brown rice, red rice is found to be rich in fiber, iron, zinc, B vitamins
and even calcium. Unfortunately, the potential and it use have been by in large
neglected by the research community and the farmers. With the awareness about
health, red rice has gained the importance and demanded for research needs in
view to increase the productivity and quality of the produce. In general, low yield

of red rice has been reported due to less panicle bearing tillers and panicle density

The nitrogen, phosphorus and potassium are the major nutrient required by
rice crop. Besides many micro nutrients one also needed for growth development
and yield of rice. Rice plant requires an adequate supply of nutrients from various
sources for optimal growth. These nutrients are supplied by indigenous sources
such as soil minerals, soil organic matter, rice straw, manure, and water (rain,
irrigation), but the amount supplied is usually insufficient to achieve high and
sustainable yields. Fertilizers need to be applied to overcome the deficit between
crop requirement and nutrient supply from the above-mentioned sources. The crop
requirement of nutrients depends on variety and season. However, the full potential
of improved nutrient management can only be reached with good crop
management and selection suitable varieties. Searching rice cultivars or variety
with high yield potential quality under different levels of nutrient supplied and

plant population are prime important in the present context of rice research.

An effective agronomic management is therefore necessary to exploit the
yield potential of red rice. Integrated nutrient management (INM) involving
organic and inorganic sources of nutrient are very important in rice production.
Many of our problems on declining productivity (increasing cost, declining yield)
can be traced to improper and inefficient use of nutrients. Improper nutrient
management has resulted in the nutrient imbalances in the soil with nutrients in

excess while other nutrients depleted. Through this, farmers can increase



agricultural productivity and safeguard the environment as they efficiently use

fertilizer.

Bastar Plateau Zone joins boundaries with Orissa state in the East, Andhra
Pradesh in the south and Maharashtra state in the west. It comprises of large
plateau having elevation ranging from 550 m to 760 m from mean sea level in
between 17°46° N and 20°34’ N latitudes and 80°15° and 82°15’ E longitudes. The
Bastar plateau region of India which is a mega biodiversity hot spot of the world
has numerous cultivars of rice with tremendous potential of high quality rice.
Bastar is rich in indigenous germplasm which have been conserved since time
immemorial by the traditional culture of the aboriginal people. So far 16 genotypes

of red rice have been collected from this region.

Bastar Plateau is tribal predominantly zone having 6 districts viz.
Jagdalpur, Narayanpur, Kondagaon, Bijapur, Dantewara and Sukma. Bastar is
primarly mono cropped area of rice. Rice is grown during kharif season. Most of
the field left fallow after its harvest. Besides , many land races commonly grown in
the region, the zone is also rich in other wild species of rice like. O. rufephogon, O.
nivara, O. minuta and weedy form i.e. O. spontanum. Red rices are grown in every
niche of the niche of the region with poor yield. The nutritional qualities of such
genotypes are still not studied. Thus the present work aim to enhance the
productivity through selection of suitable genotypes, manipulation of planting
geometry for yield and nutrient schedule nutritional quality of some indigenous
rice genotypes from Bastar in order to identify the better genotypes for processing

and nutritional fulfilment of worldwide consumers.

In view of the above points, the present investigation entitled
“Productivity and quality of Red rice (Oriya sativa L.) genotypes as influenced
by organic, inorganic and integrated nutrient management practices” was
conducted during kharif season of 2013 and 2014 at the Research cum
Instructional Farm, SGCARS, Kumhrawand, Jagdalpur, with the following

objectives:



. To identify suitable genotype, spacing and fertility levels for red rice in Bastar
plateau.

. To study the effect of macro and micronutrient management on productivity
and quality of red rice.

. To examine the effect of organic and inorganic application of nutrients on
productivity and quality of red rice.

. To study the influence of organic, inorganic and INM on nutrient uptake by red
rice and nutrient balance in soil.

. To assess the economics and energy of red rice as influenced by different

agronomic management.



CHAPTER - 11
REVIEW OF LITERATURE

Food crops grown using organic inputs having less or no chemicals are being
preferred over conventionally over conventionally produced food by the end users.
Food materials produced organically has got its place in food market is developed and
developing countries (Urkurkar et al., 2010). Scientists and policy planner are
therefore, reassessing agricultural practices, which relied more on biological input
rather than heavy usage of chemical fertilizers and pesticides

There is a wide gap between production and consumption of nitrogen fertilizers and
considerable interest has been aroused on supplementing the use of chemical fertilizers
with renewable and low priced organic sources of nutrients. Fertilizer N applied in
conjunction with organic manure produced equivalent or even higher dry matter and N

uptake than inorganic source alone.

The pertinent literature is cited here in the following sections as per the objectives of

the experiment

2.1 Effect of genotype
2.2 Effect of spacing
2.3 Effect of inorganic nutrient
2.4 Effect of organic nutrient
2.5 Effect of integrated nutrient management
2.6 Effect of micronutrient
2.6.1 Effect of zinc
2.6.2 Effect of boron
2.6.3 Effect of silicon

2.7 Interaction effect



2.1 Effect of genotype

The review on the breeding progress for high vyields indicates that the
improvement of the harvest index has made substantial contributions to achieve high
yields of rice (Chandler, 1969).

The main environmental conditions considered in classifying rice ecosystems
are soil moisture regime, soil drainage, land topography and temperature (IRRI, 1984).
Fageria (1984) reported that upland rice genotypes grain yield increased with

the application of calcium carbonate but increase varied with genotype to genotype.

Taniyama et al. (1988) reported that the difference in the crop growth rate and
CO; uptake in different rice genotypes was due to the variation in the amount of
chlorophyll in the leaves and that CO, uptake and yield are positively correlated with
each other. The genotype with higher DM accumulation and partitioning greater
amounts into reproductive parts (panicles) at PDM had significantly higher
productivity and profitability (Pukhraj > F-Malakand > Bamati-385).

Song et al. (1990) and Yamauchi (1994) stated that hybrid rice had a 15%
greater yield than inbred rice, mainly because of an increase in biological yield rather
than HI.

Amano et al. (1993) noted that the HI of 67% for japonica F1 hybrid rice in
South China.

Ishii (1995) mentioned that grain harvest index is an important parameter in
determining distribution of photosynthetic product between shoot and grain and
consequently grain yield

Qui et al. (1995) reported a higher variability in mineral contents in some rice
cultivars and the 6 level of iron content varied from 15.41 mg kg™ to 162.37 mg kg™

and zinc content ranged from 23.92 mg kg™ to 145.78 mg kg™



Rice hybrids have a mean yield advantage of 10-15% over varieties since they
possess a more vigorous and extensive root system and increased growth rate during
vegetative period when grown under normal transplanting condition (Yamauchi, 1994
and Yang et al., 1999).

Wang et al. (1997) reported that zinc content in grains of rice ranged from 0.79
- 5.89 mg 100™ g with an average of 3.34 mg 100 g in a study done among 57 rice
varieties. The largest zinc value was found in Ganjay Roozy, a variety grown at IRRI
while the lowest zinc value recorded was in long grain fragrant rice.

Mae (1997) described that the HI of old rice genotypes is about 30% and 50%
for improved and semi-dwarf ones. The genotypes with higher HI produced higher
grain yield. The increase in HI of coarse genotypes was attributed to higher DM
accumulation and partitioning greater amounts into panicles.

Fageria (1998) reported adequate N concentrations for maximum yield about 8.7 g kg*
in the shoot of upland rice under field condition at harvest.

Peng et al. (2000) determined the trend in the yield of rice cultivars/lines
developed since 1966 at the International Rice Research Institute (IRRI), Philippines.
These authors concluded that the increasing trend in yield of cultivars released before
1980 was mainly due to the improvement in grain harvest index (GHI), while an
increase in total biomass was associated with yield trends for cultivars/lines developed
after 1980. They also suggested that further increases in rice yield potential will likely
occur through increasing biomass production rather than increasing GHI. Peng et al.
(2000) reported that high yielding rice cultivars/lines developed at the IRRI from 1985
to 1995 were intermediate in canopy height, tillering capacity, and leaf area index.
Cultivars in this group were able to maintain relatively high grain harvest index.

Kiniry et al. (2001) reported that the GHI varied greatly among cultivars,
locations, seasons, and ecosystems, ranging from 0.35 to 0.62, indicating the
importance of this variable for yield stimulation. Nitrogen concentration was higher in

grain compared to shoot. Nitrogen concentration in the grain of rice is always higher



than the Stover. The yield variability among rice cultivars is highly dependent on grain
harvest index.

Uphoff (2002) reported that drought resistance genotypes have thick
voluminous and deep root system compared to other genotypes. Cassman et al. (2002)
reported that N concentration of 12 g kg™ is desired in the grain of rice for optimal
cooking and eating quality. Besides, rice hybrids exhibited highest yield potential even
under SRI method, due to profuse tillering capacity, lodging tolerance, greater stress
resistance and wide ecological adaptability (Yan, 2002).

The largest germplasm collections of rice is available in the world. This
accessible collection of diverse varieties, landraces and related wild species has made
great contributions to rice breeding. Landraces harbor a great deal of useful traits with
genetic potential for rice improvement and they played a very important role in the
local food security and sustainable development of agriculture, in addition to their
significance as genetic resource for rice genetic improvement (Tang et al., 2002).

Welch and Graham (2004) found 4-fold differences in mineral levels of iron
and zinc concentration among rice genotypes, which suggests that there is a potential
to increase the concentration of these micronutrients in rice grain with genetic
technology.

Bhattacharjee (2006) observed 0.136 to 11.4 per cent of amylose content in
glutinous rice cultivars of Assam. Nine genotypes of rice were evaluated for iron and
zinc content in rice grain at IRRI by found a range of 8.8 to 21.0 ppm, 14.0 to 40.0
ppm for iron, and zinc, respectively (Martinez et al., 2006). Zozali et al. (2006)
reported grain of Zn concentration is substantially higher in certain landraces of
Southeast Asia than in commonly grown high yielding rice varieties.

Thorat (2007) and Fageria (2007) revealed that different spacing had no
significant influence on N and P content in grain and straw of rice. Rice genotypes

differ significantly in N uptake and utilization efficiency.
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Uphoff and Randriamiharisoa (2007) observed in different root character’s in
different genotypes .

Devi et al. (2008) reported significant variation among cultivars for total starch
content from 73.77% to 85.33% of carbohydrate content while studying fifteen
indigenous rice and 100 upland rice cultivars respectively.

Ahmed et al. (2008) studied that the yield potential of wild relatives of rice,
which involves the improvement of seed protein content. A significant increase in seed
protein content was observed in an interspecific hybrid between Oryza sativa ssp.
indica and the wild species Oryza nivara. The hybrid showed a protein content of
12.4%, which was 28 and 18.2% higher than those of the parents O. nivara and IR
64, respectively.

Lafarge and Bueno (2009) reported that the yield advantage of hybrid rice over
old rice cultivars in tropical environments is up to 15%. This increase in grain yield is
because of higher dry matter production due to higher seedling vigor leading to
quicker growth rate and higher HI. Chakraborty et al. (2009) noticed bold grained rice
genotypes had starch content varied from 65.60 to 79.88 per cent.

Islam et al. (2010) noticed that hybrid rice give higher yield over conventional rice.

Mallikarjuna et al. (2011) studied 126 accessions/varieties of rice germplasm
including wild relatives O. rufipogon and O. nivara. The Fe concentration in brown
rice ranged from 6 ppm (Athira) to 72 ppm (O. nivara). Zn concentration ranged from
27 ppm (Jyothi) to 67 ppm (O.rufipogon). Iron and zinc concentration varies between
brown rice and polished rice. Also, when whole rice grains and broken rice grains
were compared, there was variation in iron concentration but not in zinc concentration.

Anuradha et al. (2012) analyzed 126 accessions of brown rice genotype
including 7 accessions of two wild species for Fe and Zn concentration and reported
that iron concentration ranged from 6.2 ppm to 71.6 ppm and zinc from 26.2 ppm to
67.3 ppm. Zn concentration and grain elongation (-0.25) were significantly correlated.
The wild accessions had the highest Fe and Zn.
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Yadi et al. (2012) described significant effect of Zn fertilizer on HI of rice. More over,
the coarse rice genotypes (Pukhraj and F-Malakand) had higher HI than fine genotype
(Bamati-385). Differences in the HI of rice genotypes have been reported by many
researchers.

Devi et al. (2012) observed a range of 70% to 89.25% of total carbohydrate
content studying eighteen indigenous cultivars of North-Eastern hill regions of India.
79% carbohydrate content is recommended by USDA Nutritional database, U.S.

Wiangsamut et al. (2013) reported that hybrid rice has higher DM partitioning

efficiency and consequently has higher grain yield than inbred.

2.2 Effect of spacing

Bridgit and Potty (2002) and Nayak et al. (2003) reported that higher yield in
30 cm x 30 cm spacing was due to less competition among the plants for nutrients and
moisture better aeration which encourages better root development. Productive tillers

hill* was not affected significantly by seedling density.

Obulamma et al. (2004) mentioned that spikelet’s panicle™ was significantly
higher at wider spacing. Sterility percentage was observed to be significantly higher at
closer spacing (20 cm x 10 cm). Grain yield was not significantly affected by spacing.
However, wider spacing of 20 cm x 15 cm produced more grain yield compared to
narrow spacing (20 cm x 10 cm).The number of filled grains panicle® was
significantly higher with one seedling hill™. This can be attributed to the significantly
higher sterility percentage recorded at two seedlings hill™.

Frizzell et al. (2006) while comparing row widths for conventional

varieties suggested that narrows rows may be preferable over wider rows.

Islam et al. (2009) reported that thousand grain weight failed to show any
significant variation with seedling density as it may be an attribute controlled by the

genetic make up of the variety.
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2.3 Effect of inorganic nutrient

Barker et al. (1985) observed that the impact of increased fertilizer use on crop
production has been large, but ever increasing cost of energy is an important constraint
for increased use of inorganic fertilizer.

Kumar and Prasad (2003) reported that application of 10 t ha™ FYM in rice-
wheat system significantly increased N, P and K content by 4.0, 7.8 and 7.6 percent as
compared with no FYM. In rice straw N and P content remained unaffected with
increase in fertilizer levels but K content was increased significantly with increased
fertilizer dose from 0 to 100 % RDF. Highest level of fertilizer (100 % RDF) produced
highest K content in straw and was followed by 50 % RDF. Significantly minimum K

content in Straw was observed with no fertilization.

Ahmad et al. (2005) reported that the increase in straw yield and harvest index
at higher nutrient levels.

Tripathi et al. (2013) mentioned that the better yield attributes and yield with
the application of highest level of nutrients might be due to its key role in root
development, energy translocation and metabolic process through which increased
translocation of photosynthates towards sink development might have occurred.

Hairmansis et al. (2010) reported that grain yield and straw yield were
maximum at 150:75:75 kg NPK ha™. This could be attributed to the positive and
moderate direct effect of number of productive tillers and the strong direct effect of
filled grains panicle® on grain vyield. Significant improvement in dry matter
accumulation of rice with increasing nutrition on account of better growth and

development of the plant.

2.4 Effect of organic nutrients

Mathew et al. (1993) also recorded increment in grain yield by application of

FYM. Manjappa et al. (1994) found sustaining soil productivity, organic manures



also improved nutrient use efficiency of the crop . Sharma(1994) noted that the grain
and straw increased with the increased rate of FYM. Gill et al. (1994) reported that
rice yields increased significantly with the increase in nitrogen levels up to 100 kg ha’
! Rice yields still higher in 100 per cent application of N, P and K and in treatments
with part of N supplied through various organic sources. Among all the treatments,
application of 25 per cent and 50 per cent N through paddy straw gave significantly
higher grain and straw yields, respectively.

Ladha et al. (1996) noticed that application of organic sources of nutrients in
rice crop showed beneficial effect on succeeding crop i.e. maize in the summer season.
Though the green manures are good source nutrients, they can not meet the total crop
nutrient requirement in the present day agriculture water management alternatives and
plant spacing optimum plant density per unit area is an important factor needed for
realizing higher yields.

Mhaske et al. (1997) noted higher plant height and number of tillers plant™
with the application of FYM @ 12 t ha™ compared to no FYM application.

Pandey et al. (1999) observed that the head rice recovery was higher with the
application of 10 t ha™ of FYM. They also reported that the application of 10 t FYM
ha™ as well as 5 t FYM ha™* were equally effective as 120 kg N ha™ for grain yield of
scented rice cv. Madhuri and Pusa Basmati-1. Similarly at CRRI, Cuttack, application
of 10 t FYM ha™ increased the grain yield compared with no FYM, and the yield was
similar to that obtained with 20 or 40 kg N ha” while ,Ghosh and Sharma, (1999)
noticed there was no significant difference in grain yield due to the application of N-
fertilizer in plots treated with FYM. Ayoub (1999) reported that use of organic matter
to meet the nutrient requirement of crops would be an inevitable practice in years to
come, particularly for resource poor farmers. Further, more ecological and
environment concerns over the increased and indiscriminate use of inorganic
fertilizers have made research on use of organic materials as a source of nutrients very

necessary.
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Hossain and Singh (2002) revealed that the organic materials particularly
farmyard manure and green manure have traditionally been used by rice farmers in pre
industrial age. But the present day high yielding cultivars, which have higher nutrient
requirements, the use of inorganic fertilizers has increased considerably leading to
decline in the use of organic materials.

Sharma and Sharma (2002) observed that the increase in organic carbon
content in treatments with combination of both organic and in organic sources may be
attributed to higher biomass addition to soil through crop residues.

Tolanur and Badanur (2003) reported that FYM and green manure addition
with inorganic fertilizers had the beneficial effect on increasing the available P status
of soil.

Mirza et al. (2005) reported that productive tillers were increased by the
application of FYM but differences were not significant between 10 and 20 t ha™ of
FYM application. The increase in paddy yield due to application of 5, 10 and 20 t ha™
of FYM were 6.8%, 24.4% and 37.6%, respectively over control.

Laxminarayana (2006) reported that the declining trend of available potassium
among all the treatments may be attributed to crop removal due to continuous
cropping.

Singh et al. (2008) mentioned that lowering of organic carbon content of soil
was common in control and in treatments with only inorganic fertilizers .This type of
lowering of organic carbon content of soil may be due to its rapid mineralization
resulting from intensive cropping and also as a result of attaining stable equilibrium
with the changing soil crop environment.

Singh et al. (2008) noted that organic sources have maintained relatively higher
available potassium content.

Yogananda et al. (2012) reported that transplanted rice responded
positively with increasing level of FYM. The maximum average grain yield
(4166 kg ha) and straw yield (5212 kg ha™) was observed with application of
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125 t FYM followed by 10 t FYM equivalent (3918 and 4769 kg ha™ ,

respectively) and found superior over all other treatments.

Pandey (2012) and Rathod et al. (2012) the improvement in organic
carbon, microbial population and physical properties of the soil may be the

reason of the more crop productivity .

2.5 Effect of integrated nutrient management

Diverse studies across different agro-ecosystems have shown importance of
organic nutrient sources in improving crop yield and improving soil quality. Reference
reported that response of rice to nutrient supply by organic and inorganic fertilizer is
universal but may vary with locations, soil and fertilizer types. Similarly, crops have
been reported to respond differently to different composts under similar soil fertility
condition.

Santhy et al. (1998) observed that total uptake of N, P and K increased
progressively in the supply of NPK to the crops, because of higher availability of these
nutrients. Application of NPK at 100 % of optimum level along with FYM @ 10 t ha™

increased nutrient uptake over the application of 100 % optimum level of NPK alone.

Pandey et al. (1999) reported that application of 10 t FYM ha™, 80 kg N ha™
along with 5t FYM ha™ and 40 kg N ha™ were as effective as 120 kg N ha™ for grain
yield of scented rice cv. Madhuri and Pusa Basmati-1.

Sarawgi and Sarawgi (2004) found that higher level of nutrients (i.e. 50:50:40
kg NPK ha® + nitrogen blended with FYM) recorded significantly higher number of
tillers plant™, plant height, panicles plant?, length of panicle, number of filled grains
panicle™, filled grain weight, test weight and grain yield of tall and short slender
scented rice varieties compared to lower level of nutrients (i.e. 25:40:30 kg NPK ha™)
with or without blending with FYM. At both level of nutrients, blending with FYM

proved better in all growth, yield and yield attributing characters. It was also found
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that application of 10 t FYM ha® (i.e. 45:20:40 kg NPK ha™) did not show any

positive effect on yield and yield attributes of short to medium slender rice varieties.

Sarawgi and Sarawgi (2004) revealed that higher level of nutrients (i.e.
60:50:40 kg NPK ha™ + N blended with FYM) recorded significantly higher number
of tillers plant™ at maximum tillering stage, plant height, panicles plant™, panicle
length, panicle weight, test weight, filled grains as well as total number of grains
panicle™, grain and straw yield of semi tall and short to medium slender scented rice
varieties followed by same level of nutrients blending and lower level of nutrients
(40:40:30 kg NPK ha) with or without blending. Further, it was observed that there
was no significant differences in between lower level of nutrient blended with FYM
(40:40:30 kg NPK ha™ + N blended with FYM) and higher level of nutrient without
blending (60:50:40 kg NPK ha™) for plant height, panicle length, test weight, number
of filled grains as well as total number of grains panicle™ and straw yield. It was also
found that application of 10 t FYM ha™ (45:20:40 kg NPK ha™) proved as good as
higher level of nutrient (60:50:40 kg NPK ha™) without blending.

Pandey and Nandeha (2004) reported that application of chemical fertilizers @
120:60:30 kg NPK ha™® produced significantly higher grain yield of scented rice
during both the years. However, the response of FYM alone was at par with all the
chemical fertilizers.

Singh et al. (2005) reported that soil OC and available P content increased
significantly due to organic farming practice compared the control as well as chemical
fertilizer application.

Khadayate et al. (2005) reported that the different organic and inorganic
sources of nutrients, alone and in combinations, significantly influenced the rice yield,
yield attributing parameters, content and uptake of nutrients (N P and K) by rice.

Among the different organic sources, FYM was recorded the highest yield.



Sarawgi et al. (2006) revealed that the grain yield of scented rice varied
significantly due to nutrient management. Higher level of nutrients (i.e. 60:50:40 kg
N: P,0s: K20 ha™ + Nitrogen blended with FYM) recorded significantly higher grain
yield of scented rice than rest of the nutrient management practices.

Urkurkar et al. (2006) found highest yield sustainability and net return of rice
and available N in soil under 50% of N substituted through green manure in
conjunction with 50% of recommended NPK through inorganic fertilizers than 100%
recommended dose of fertilizer and other combination of organic and inorganic
sources over 16 years of study at Raipur.

Roul et al. (2007) reported that the growth parameters like plant height, dry matter
accumulation, root mass density as well as the physiological parameters like leaf area
index, leaf area duration, light interception etc were significantly higher under 100%
recommended dose of nitrogen blended with FYM at 3 t ha™ . Similar trend was also
recorded with different yield attributes, grain and straw yield of rice.

Salahuddin et al. (2010) studied that five levels of nitrogen (0, 50, 100, 150,
200 kg N ha) and three spacing’s (25 cm x 20 cm, 25 cm x 15 cm, 25 cm x 10 cm)
and noted gradual increase in panicle length (24.50 cm), grains panicle™ (110) and
grain yield (4.91 t ha™) were with the increase in nitrogen levels upto 150 kg ha™ and
declined thereafter. Thousand-grain weight was not significantly influenced by
application of different levels of nitrogen. The maximum grain yield (4.22 t ha™) was
observed at the spacing 25 cm x 10 cm closely followed by 25 cm x 15 cm (4.21 t ha’
1y, Wider spacing (25 cm x 10 cm) produced the tallest plant (108.38 cm), but
significantly highest tllers hill (8.06) and grains panicle™ was recorded from (25 cm x
20 cm). Plant spacing had also no significant effect on 1000 grain weight. The
interaction effects of nitrogen and plant spacing was significant in panicle length,
grains panicle™, and grain yield. The higher grain yield (5.00 t ha™) was recorded from

the treatment combination of 150 kg N ha® with 25 cm x 15 cm spacing, but

17



18

statistically identical to same N dose with other two spacing. Response of grain yield
to added N was quadratic. The optimum doses were found to be 132 kg N ha™ for 25
cm x 20 cm, 119 kg N ha™ for 25 cm, and 177 kg N ha™ for 25 cm x 10 cm spacing,
yielding 4.38, 4.63 and 4.75 t ha™ respectively.

Satish et al. (2011) noticed significant increase in rice yield in treatments with
paddy straw as source of nitrogen (25 to 50%). Higher maize yield was observed in
treatments with both organic and inorganic fertilizers in kharif followed by 100 per
cent NPK in summer season, thus showing the beneficial effect of organic sources of
nutrients on the succeeding crop and also improving the soil fertility levels.

Gogoi (2011) reported that the application of 50% recommended dose of
fertilizers (RDF) + 50% N (FYM) showed the lowest bulk density and the highest
water holding capacity of soil. The above treatment was at par with 50% N (inorganic)
+50% N (FYM) + PK. However, effect of integrated nutrient management had a non
significant effect on pH of soil. At the end of the cropping sequence, significant soil
organic carbon increased and higher available N, P2Ogand KoO of soil were

observed when 50% recommended dose of fertilizers (inorganic) substituted through
50% N FYM (organic) over RDF and control.

Ghosh et al. (2011) informed that on adoption of INM technology, the soil
quality index (SQI) improved from 11.9 to 18.8% exhibiting highest in maize-potato-
onion and lowest in paddy-wheat system. It is inferred that maize-potato-onion under
limited irrigation treatment and maize-wheat + mustard under rainfed conditions are
the best management options for maximizing water productivity, net return and soil

quality.

Upadhyay et al. (2011) noted that at the end of 5 cropping cycles, application
of organic manures resulted in higher soil organic carbon, available N, P and K than

the chemical fertilizers. Maximum beneficial micro-organisms were recorded under
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organic nutrient management (ONM) after completion of 5 crop cycles and the bulk
density of soil was also lowered significantly in ONM. The B:C ratio was higher for
chemical fertilizers in case of rice-durum wheat-green manuring (3.6) and rice-potato-
okra (3.1) due to lesser cost of cultivation.

Jahiruddin et al. (2012) stated that the integrated use of poultry manure or
compost with fertilizers demonstrated about 25% vyield increase over 100% fertilizer
treatment. Positive residual effect of manure was observed inthe following
two rice crops. A separate field trial was made to evaluate the effect of INM with cow
dung or poultry bio-slurry on potato crop. It revealed that bio-slurry had better effect
on tuber yield compared to cow dung or poultry manure. This study indicates
that integrated use of manure and fertilizers is a better practice for obtaining higher

crop yield.

Hussain et al. (2012) noted that the values of yield attributes viz., panicle
length and number of spikelets panicle™ were significantly higher with application of
RFD + poultry manure @ 20 t ha™, whereas grains panicle™ and panicles m™ were
significantly higher with application of FYM @ 20 t ha® + 75% recommended
fertilizer dose.

Nath et al. (2012) investigated the multifaceted effects of INM treatments that
facilitated beneficial soil conditions were reflected interms of significant
increase in the grain yield of both rice (3.87 t ha ) and toria (1.04 t ha™ ) even over
the 100% NPK.

Dheri et al. (2013) studied five treatments (100%N, 100%NP, 100%NPK,
100% NPK + FYM and the control). In the surface soil layer (0—15 cm), soil organic
carbon (SOC) increased from the initial status of 2.42 to 3.26 g kg™ in the control,
which significantly increased with the application of 100% NPK (4.11 g kg™) and
100% NPK +FYM (4.55gkg™). The rice—wheat cropping even without any
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fertilization (control) contributed toward carbon sequestration (1.94 Mg C ha®) with
soil organic carbon pools and carbon sequestration rate of 7.84 Mg C ha™ and

0.22 Mg C ha™ yr, respectively.

Cao et al. (2013) reported that the integrated high-efficiency practice is
effective in reducing NH3 loss and increasing rice yield and nitrogen use efficiency

(NUE), and can be used for the sustainable development of rice production
systems in the Taihu Lake region.

Patel et al. (2013) from Varanasi reported that for securing higher yield and
remuneration in rice - sugarcane (plant)- sugarcane (ratoon) cropping sequence,
application of 25% N through FYM + 25% N through poultry manure + 50% N
through inorganic fertilizer to the rice—sugarcane (plant)—sugarcane (ratoon) cropping
sequence not only gave net return and B:C ratio close to that obtained with application
of 100% recommended dose of fertilizer as per soil test value or as per general state
recommendation  but also  improved the soil  healthinterms  of

positive nutrient balance.

Mohanty et al. (2013) reported from Odisha that application of 1/3 rd
recommended dose (RD) of N each through chemical fertilizer; FYM and Azolla
registered the highest plant height and leaf area index in rice (Oryza sativa L.) as
compared to other treatment combinations. Higher yield components (viz. number of
panicles m™, number of filled grains panicle™) and grain and straw yield of rice were
also achieved from the same treatment as compared to 100% recommended dose of

fertilizer and control.

Singh et al. (2013) observed that application of 75% of recommended NPK

through inorganic + FYM @ 10 t ha-l+ BGA @ 15 kg ha1 recorded significantly
higher plant height, more no. of tillers/hill and yield.
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Tripathi et al. (2013) noted that the residual soil fertility improved
considerably with the combined application of inorganic fertilizer and organics. It was
concluded that integration of organics (Rhizobium, PSB & FYM) with in organics led
to 50% saving of inorganic fertilizer without scarifying the yield of sun hemp-

rice cropping sequence and improved soil fertility status.

Singh et al. (2013) noticed that INM resulted in higher plant height with longer
leaves than chemical fertilizer alone. The seed quality parameters like germination rate
and vigor index as well as N uptake and soil organic carbon content were

higher in INM than those in chemical fertilizer alone.

2.6 Effect of Micronutrient

Micronutrient deficiencies are becoming serious because of escalated nutrient
demand from more intensive and exploitative agriculture coupled with use of single
nutrient fertilizers and low amount of organic manures (Savithri, 2008). Cultivation
shift for fine genotypes from flooded to aerobic condition have raised another question
for rice growers on micronutrient deficient soil. Although significant amount of water
may save in this shift but it may not suitable for already existing genotypes which can

lead toward poor crop performance.

2.6.1 Effect of Zinc

Rashid.(2001) reported that diffusion is belived to be the

dominant mechanism for Zn2

* transport to plant roots.Dubey and Chauhan (2002)
reported that the minimum Zn uptake was recorded at no crop residue (control) and
maximum at 100% crop residue. Tripathi and Rawat (2002) reported that the increase
in Zn content may be attributed to increased availability of Zn due to addition of crop
residue. Singh and Tripathi (2005) reported that solubilisation of native as well as

applied zinc at higher levels by crop residues which produces complexion agents.



22

Meena et al. (2008) noticed that the minimum Zn uptake was recorded at no
crop residue (control) and maximum at 100% crop residue.

Ehsanullah et al. (2011) evaluated the effect of different methods and
timing of zinc application on growth and vyield of rice at Faisalabad. Zinc
application methods and timing had significantly pronounced effect on paddy
yield. Maximum paddy yield (5.21 t ha™) was achieved in treatment Zn (Basal
application at the rate of 25 kg ha™* 21 % ZnSO,) and minimum paddy yield (4.17
t ha™') was noted in Zn7 (foliar application at 75 DAT @ 0.5% Zn solution). Zinc

application increases the crop growth rate of rice.

Jha et al. (2013) noted that green manure had the greatest contribution to total
N, total P, zinc, iron, and manganese (Mn). Yadav et al. (2013) observed that Zn
uptake obviously increased with the application of Zn. Zn and crop residue treatment
exerted a favourable influence on zinc uptake by rice crop. Tripathi and Kumar (2013)
noticed that minimum Zn uptake was recorded at no crop residue (control) and
maximum at 100% crop residue. Chandel et al. (2013) showed that crop residue
increased the grain and straw yield of rice and iron content and ultimately iron uptake
by the crop. Yadav et al. (2013) studied the response of rice to zinc and organic matter
application and noted that rice grown in flooded conditions has  higher
requirement of zinc because the availability of other nutients in submerged condion

increases which decrease zinc availibily to crop.

2.6.2 Effect of Boron

Boron is second emerging deficient nutrient in rice tract which is affecting crop
impassively.
Garge et al. (1979) found that Boron may stimulate the enzymatic activity,
availability of sugar and respiration which leads toward improved pollen growth.
Hossain et al. (2001) reported that in case of severe boron deficiency, root
growth of plant ceases which leads toward the death of root tips. Paddy yield was
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significantly higher with the application of micronutrients (Zn, B and Mo) alone or in
combination with each other.

Rashid et al. (2009) perceived the effect of boron on rice cultivars Super
Basmati, Basmati 85 and KS- 282 and reported 14-25% increase in paddy yield as
compared with control. Rice crop behaved positively with optimum boron dose at 0.75
kg ha.

Rafique et al. (2006) reported that crop production and quality is desperately
affecting with emerging deficient micronutrients (B and Zn) all over the world.

Jin et al. (2008) found that concentration of Fe, B and Zinc contents increased
significantly in rice grain with combined foliar application of these nutrients. PARC
(2002) Studied on boron fertilization and explained that paddy yield consistently
increased with boron application.

Boron application improved all the agronomic growth parameters and
increased the yield. Both B fertilizers significantly increased the plant height, panicles
plant™, number of grains panicle™ and weight of 1000 grains. Both B sources were
found equally effective in supplying B to rice crop. Borax gave significantly high
yield at 2 kg B ha™ and powder colemanite at 3 kg B ha™. Yield difference between
borax and powder colemanite was not significant at all three levels .Powder
colemanite applied plots had significantly high residual B in compare to borax at 0-15
and 15-30 cm and at 30-45 cm depth borax applied plots had high B content. Granular
colemanite application did not significantly increase the crop growth and yield due to

the large particle size B so that release was very slow.

2.6.3 Effect of Silicon

Although silicon has not been recognized as an essential element for higher
plants, its beneficial effects have been observed in many plants. Rice plant has
been considered to be a typical siliciphilous plant. It is recognized that silicon

promotes photosynthesis prevents fungal and insect injuries and alleviates



lodging. In Japan, silicon materials are widely applied to paddy fields to

enhanced rice production.

Okuda and Takahashi (1961) studied the effect of silicon application on
the growth of rice plant at different growth stages, and observed that the plant
height, grain weight, and uptake of silicon were larger when silicon was added at
later growth stages (after panicle initiation stage) than at earlier growth stages.
They therefore suggested that silicon application is more important in the later

growth stages.

Takahashi et al. (1966) found that silicon promotes CO, assimilation in
the leaf blades and translocation of assimilated products to the panicle.

The first reports of such a response appears to be those of Yamauchi and
Winslow (1989), and Winslow (1992) in West Africa. Si sharply reduced all
fungal diseases, particularly neck blast and grain discoloration which are the most
serious problems in the humid forest zone; and clear differences in Si response

among rice varieties were observed.

The role of Si in plants has been reviewed by Lewin and Reimann
(1969) and Werner and Roth (1983). Commercial Si fertilizer use in irrigated
rice is well established in Japan. Nearly one third of Japan's rice hectare age falls
into this category. Si fertilizers are also used in Korea. In the Asian humid
tropics, responses to Si in irrigated rice were observed in Sri Lanka where leaf Si
fell below 5%, and straw Si was below 2% for indica varieties (Taakijima and
Gunawardena, 1969) or 2.5% for japonicas (Yoshida et al., 1969). Irrigated rice
yield responses have also been observed in Taiwan and India, according to Silva
(21973). In comparison to lowland culture, little is known about the Si responses

of upland rice.
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Transport of Si up the shoot appears to be passive, via the transpiration
stream (Yoshida et al., 1962) upon reaching the end of the transpiration stream,
most (90-95%) of the silicic acid condenses to form insoluble, hydrated,
amorphous silica, clten called "silica gel" (SiO2.nH,0). When dehydrated, this is
called biogenetic opal, which Lanning (1963) argued is the real form present (not
gel) within rice tissues. Monomeric silicic acid constitutes just 0.5 to 8% of plant
silica, and colloidal silicic acid forms the remaining O to 3.3% (Yoshida el al.,
1962b). No enzyme appears to participate in the condensation that converts

soluble Si to the insoluble form in rice (Yoshida et al., 1962).

Winslow (1992) found varietal differences in Si content which were
associated with differences in resistance to neck blast and grain discoloration
diseases in West Atrica. Furthermore, the varietal differences were greatest
between the two major genetic sub-groups of cultivated rice, the indica and
japonica types. Japonica types, which are the traditional upland rices of the
tropics.had substantially higher levels of Si in plant tissues, and were more
resistant to these important upland diseases. While this is circumstantial 37
evidence, it is significant in light of the known effect of applied Si in reducing
hose same diseases. When Si was applied in that same study, the indica types
showed a greater response in terms of increased Si content, yield and disease
control, than did japonicas, as might be expected given the greater “inherent
deficiency" characteristic of indicas.

Kaufman (1979) suggested that silica cells might serve as a "window"
in the epidermal system of sugarcane, and they may allow light to be transmitted
to photosynthetic mesophyll tissue below the epidermis better. Therefore the
silicon absorbed during the reproductive stage plays an important role in

promoting the photosynthesis of leaves, especially the flag leaf.
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Mizuno (1987) reported that the hull size and 1000 grain weight increased
with the increase in the silicon content of the hull. The leaf blades are the main

organ of photosynthesis and the flag leaf contributes significantly to the yield.

2.7 Interaction effect

Akita (1989) and Amano et al. (1993) also reported that higher grain yield
from rice was achieved by increasing biomass production.

According to Peng et al. (1999), grain yield improvement of lowland rice cultivars
released by the International Rice Research Institute in the Philippines after 1980 is
due to increases in biomass production.

Fertilizers are a costly input, such that their use limits the profitability of rice
farming for high- or low-input systems, and the use of fertilizers for these two rice
nutrients is extremely inefficient .About the interaction of Zn and P, numerous studies
have been done and all confirms that Zn and P imbalance in the plant, as a result of
excessive accumulation of P, causing Zn imposed, deficiency (Cakmak, 2000; Das et
al., 2005 and Alloway, 2009).

Marschner, (2002) stated that phosphorus (P) and zinc (Zn) deficiencies are
two of the most important nutritional constraints to rice growth. Zn is absorbed by
plants as cations (Zn**) and P is taken up by plants as phosphate anions (H,PO4 or
HPO,%). These cations and anions attract each other which facilitates the formation of
chemical bonds that can form within the soil or the plant. If excess P binds a large
quantity of Zn normally available to the plant, the result can be a P-induced Zn
deficiency. This generally results in reduced shoot Zn concentration and reduced
growth

Mafi et al. (2013) reported that increasing P and Zn levels increase yield and
HI in rice. Fageria et al. (2011) stated that HI increased with Zn fertilization, and the
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increase in HI was 32% while using 5 mg kg™ Zn of soil as compared to the Zn-

control plots.

HI in rice increased with application of higher P (80 and 120 kg ha™) and Zn
rates (10 and 15 kg ha™) and the increase was more when both nutrients were applied
in combination than sole application. The increase in yield components and grain yield
as well as higher dry matter accumulation and partitioning greater amount of dry
matter into panicles was attributed to the higher P and Zn levels that resulted in higher

HI of rice and vice versa (Rose et al., 2013).

High soil pH appears to be the main factor associated with the widespread Zn
deficiency in the calcareous soils of the Indo-Gangetic plains of India and Pakistan
(Tahir et al., 1991).

The yield of rice is an integrated result of various processes, including canopy
photosynthesis, conversion of assimilates to biomass and partitioning of assimilates to
grains (Weng and Chen, 1984; Wu et al., 1998; Ying et al., 1998).

Next to nitrogen (N) and P deficiency, Zn deficiency is now considered as the
most widespread nutrient disorder in lowland rice (Quijano et al., 2002 and Singh et
al., 2005).

Studies on Zn and P interaction and their impact on dry matter (DM)
accumulation and partitioning into leaf, culm and panicle at different growth stages
and harvest index (HI) of lowland rice are scanty. The hypothesis was tested that there
is no difference in the DM accumulation and partitioning into various plant parts at
different growth stages (Tillering, heading and physiological maturity), and the HI of
lowland rice genotypes when applied with variable rates of P and Zn.



CHAPTER - 11
MATERIALS AND METHODS

The present investigation on “Productivity and Quality of Red Rice (Oryza
sativa L.) Genotypes as Influenced by Organic, Inorganic and Integrated Nutrient
Management Practices” was carried out during kharif season of 2013 and 2014. The
details of the materials used, experimental procedures followed and techniques adopted
during the course of investigation are described in this chapter.

3.1 Experimental Site

The location of the experimental site was Instructional cum Research Farm of
Shaheed Gundadhoor College and Agricultural Research Station, Jagdalpur,
Chhattisgarh. It comes under baster plateau of Chhattisgarh which comprises of large
plateau having elevation of 553 m above mean sea level and lies between 17°46° N
and 20°34° N latitudes and 80°15” and 82°15” E longitudes.

3.2 Climate

Climatologically, Jagdalpur comes under the seventh agro-climatic region of
India i.e. Eastern plateau and hills which is classified as sub tropical humid with hot
summer and cold winter. The source of rainfall is south-western monsoon. It receives
an average annual rainfall of 1326 mm, mostly (85%) precipitated during the period of
June to September. A few showers are expected during winter and occasionally during

summer months.
3.3 Weather condition during the crop growth period (kharif 2013 and 2014)

Weekly pattern of different meteorological parameters during the crop period of
kharif 2013 and 2014 are depicted in Fig 3.1 and 3.2 (Appendix-I & II). During kharif
2013, a total of 1180.9 mm rainfall was recorded against the normal rainfall of 1195
mm. With the onset of monsoon, 102.2 mm of rainfall was received during 23" SMW.
Total rainfall received during the June month was 477.1 mm. In the months of July,
August and September rainfall of 189.2, 204.9 and 133.8 mm was received,
respectively. Thereafter rainfall continues till the end of the season and a total of 76.3

mm of rainfall was recorded in 43 SMW in the month of October before the

28
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withdrawal of monsoon. The evapo-transpiration, maximum and minimum temperature
and wind velocity ranged between 0.6 to 6.7 mm, 27°to 34°C, 19.2° to 22.8°C and 1.0
to 8.6 km ph respectively (Fig 3.1).

During kharif 2014, a total of 1250.8 mm rainfall was recorded against the normal
rainfall of 1195 mm. With the onset of monsoon, 94 mm of rainfall was received during
26™ SMW. Total rainfall received during June, July, August and September was 152,
336, 327.9 and 351.3 mm, respectively. Thereafter rainfall continues till the end of the
season and a total of 106.6 mm of rainfall were recorded in 41 SMW in the October
before the withdrawal of monsoon. The evapo-transpiration, maximum and minimum
temperature and wind velocity ranged between 1.7 to 3.9 mm, 27.7°to 33.6°C, 14.6° to
24.4°C and 1.4 to 6.6 km ph, respectively (Fig 3.2).

3.4 Physico-Chemical Characteristics of Soil

Soil samples from 0-20 cm depth were collected from 15 randomly selected
spots in the experimental area priar to start of the field experiment with the help of soil
auger and the composite sample was prepared for mechanical and chemical analysis
during both the years. The soil of the experimental site is characterized as silty loam
(fairly levelled). The soil was locally known as Mal (Alfisols). It is well fertile soil
belongs to mid land situation of landscape in Jagdalpur. The textural composition and
other soil physical and chemical properties of experimental field are given in Table 3.1.

3.5 Cropping history of the field

The experimental field was under cultivation since many years during kharif
and rabi season. The rice - maize/wheat system was adopted since last five years with

recommended package and practices.

3.6 Testcrop

In Experiment No-1, genotypes viz Vi- RR 14 EN-7, V,- RR 14 EN-8 and
V3-RR 12 EN-11; in Experiment No-Il, genotype RR 12 EN-11 and in Experiment
No-I11, genotype RR 12 EN-1 were grown as local ideotype of red rice.
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Table 3.1: Initial physico-chemical properties of the soil (0-20 cm) of the experimental

soil
Properties Values Method of estimation
Experiment Experiment
No-I No-Il and 111
A. Physical Values Rating Values Rating
Fine Sand (%) 23.42 21.22 International pipette method
Silt (%) 44.72 43.22 (Black, 1965)
Clay (%) 31.86 35.56
Soil class Alfisols Alfisols
(Mal) (Mal)
Bulk density 1.52 1.41 Soil core method (Black, 1965)
(Mg m?)
B. Chemical
pH (soil: 6.1 Acidic 6.4  Acidic Glass electrode pH meter (Piper,
water 1:2.5) 1967)
EC (dS m™ at 0.21  Normal 0.28 Normal Solubridge conductivity method
25°C) (Black,1965)
Organic 0.39 Low 042 Low Walkley and Black’s rapid titration
carbon (%) method (Black, 1965)
Available N 218 Low 238 Low Alkaline permanganate method
(kg ha™) (Subbiah and Asija,1956)
Available 13.45 Low 15.13 Low Olsen’s NaHCOj3 (Olsen,1959)
P,Os (kg ha™)
Available 296 High 308  High Flame photometer method
K,0 (kg ha) (Jackson,1973)

3.7 Experimental details

In Experiment No-I, the treatments comprised of 3 genotype in main-plot, 2
spacing in sub-plot and 3 fertility levels in sub-sub plot. The Experiment No-11 was
composed of 12 integrated use of inorganic, organic and micro-nutrient, whereas in
Experiment No-1ll, the treatment consisted of 9 organic and inorganic application of
nutrients. The treatment details of Experiment No-I, Experiment No-Il and 11l are given
in Table 3.2, 3.3 and 3.4, respectively. The layout plan of Experiment No-I, Il and 11 is
depicted in Fig 3.3, 3.4 and 3.5, respectively.
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Title: Performance of different red rice genotypes under varied spacing and

fertility levels

Table 3.2: Treatment details of Experiment No-I

Notation Treatment details

Abbreviation

Treatment details

(A) Main-plot : Genotype (3) (B)
V1 RR 14 EN-7 S1
Vo RR 14 EN-8 So
V3 RR 12 EN-11

© Sub-Sub Plot : Fertility levels (3)

F1 60:40:30 (N:P205:K20 kg ha™)
Fo 90:60:40 (N:P205:K20 kg ha')
F3 120:60:40 (N:P205:K20 kg ha™)

Sub-plot:Spacing (2)

15cmx 10 cm

20cm x10 cm

Design of experiment

Number of replications

Crop
Sub-sub plot size
Gross
Net
S1
Sz
Seed rate
Spacing between
Replication
Main- plot
Sub-plot
Sub-sub plot
Date of transplanting

Date of harvesting

Split-Split plot design
03
Red Rice

8.0mx50m=40m>

74mx 4.6 m=234.04m>
72mx4.6m=33.12m>
40 kg ha*

10m

0.75m

0.50 m

0.50 m

8.8.2013 and 15.7.2014
27.11.2013 and 2.11.2014



8.0m

1.0m

0.5m

50m 05m 0.75m
- \ = Sl S
V1S, |[ViS VST VES, TVaS, [ VaS, IT1TVRS [T VLS VLS. | T
Pl R || R Pl R R PRl R R
Rep-I1
VlsZ V]_Sg VlSZ VBSl V3sl VSSl VZSZ VZSZ VZSl
Fs F» Fi Fs F> Fi F» F1 Fs
VS, |[VaS, |[VaS, |1 VoS | VoS, VuS: [ 1T ViS: | ViS: || VS, || 5225 m?
F> Fi Fs F» Fs Fi Fi F> Fs
Rep-I1
VSSl V381 VSSl VZSZ VZSZ VZSl VlsZ VlsZ VlsZ
PR R A I (=2 S L
VoSy || VoSt || VaSu|[ || VaSe || VaSe || VSt |[ [ VaS2 || VaS2 || VaS: || | Rep-nii
PR R Fof| R || Fa = | = | =5
V1S, || oSy || VoS, V1S, [| V1So || V1S, Vi3St || VaSy || Vi3S ’
F> Fi Fs Fs F> Fi Fs F> Fi
= 49.50 m? >
Treatment details Design : Split-split
Replication  : 03

(A): Main plot : Genotype (3)

V1: RR 14 EN-7

V2: RR 14 EN-8

V3: RR 12 EN-11

(B): Sub plot : Spacing (2)
S1:15cm x 10 cm

S2:20 cm x10 cm

(C): Sub-Sub Plot : Fertility levels (3)
F1: 60:40:30 (N:P205:K20 kg ha™)
F2: 90:60:40 (N:P205:K20 kg ha™)
F3: 120:60:40 (N:P20s5:K20 kg ha™)

Sub-sub plot size:
Gross :8.0mx5.0m=40m?

Net
S1 :74mx4.6m=3404m>
S2 :7.2mx4.6m=33.12m>

Spacing between

Replication :1.0m

Main-plot :0.75m

Sub-plot :0.50m

Sub-sub-plot: 0.50 m
DIT : 8.8.2013 and 15.07.2014
D/H :27.11.2013 and 02.11.2014

Fig.3.2: Layout of Experiment no. | (Kharif season of 2013 and 2014)
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Experiment No-I1

Title: Grain yield and nutrient uptake of red rice as influenced by integrated use
of inorganic, organic and micro nutrients

Table 3.3: Treatment details of Experiment No-I1

Notation Treatment details Abbreviation

T 80:60:40 (N:P»05:K»0 kg hal) T1: NaoPsoKao

T2 120:80:60 (N:P205:K»0 kg ha™1) T2 N120PgoKeo

T3 80:60:40 (N:P205:K>0 kg hal) + 5t FYM hal  T3NgoPeoKao+FYMs
T4 120:80:60 (N:Po05:Ko0 kg ha'l) +5t FYM1 T, .NiyoPgoKeos FYMs;
T5 80:60:40 (N:P205:K»0 kg ha 1) + Zinc (zn) Ts :NgoPsoKao+Zn

T6 80:60:40 (N:P205:K»0 kg ha L) + Silicon (Si) Te :NgoPsoKao+S,

T7 80:60:40 (N:P»05:K,0 kg ha) + Boron (B) T7 NgoPeoKao+B

T8 80:60:40 (N:P»05:K»0 kg ha'l) + zn + Si Ts :NgoPsoKao+Zn +S;
T9 80:60:40 (N:P205:K»0 kg ha'l) + Zn + B To:NgoPesoKao+Zn +B
T10 80:60:40 (N:P»05:K»0 kg ha'l) + B + Si T1o: NgoPeoKao+B+ S
T11 80:60:40 (N:PpOg5:Ko0 kghal) + Zn +Si+B Ty NgoPeoKao+Zn+ S B
T12 Control ( No fertilizer) T12.Control

Design of experiment Randomized Block Design

Number of replications : 03
Variety RR 12 EN-11
Plot size
Gross 8.0mx50m=40m?
Net ;. 72mx46m=3312m?
Seed rate 40 kg ha™

Spacing between

Row x plant 20cm x 10 cm
Replication 1.0m
Plot 0.75m

11.08.2013 and 16.07. 2014
20.11.2013 and 23.10.2014

Date of transplanting

Date of harvesting



8.0m

0.75m

1.0m

Rep-| Rep-I1 Rep-1ll
50m 1.0m

- » | s
T1 T10 T2 1
T7 T2 T9
T5 T5 T7
T8 T1 T1
T2 T11 T8
T9 T3 T3 52 95 m?
T4 T7 TS5
T10 T12 T6
T3 T4 T10
T6 T9 T12
T12 T8 T4
T11 T6 T11

v
) 49.50 m? ”

Treatment details
Integrated use of inorganic, organic and
micronutrients

Te:
T,
Ta:
Ty
Ts:
Te:
T,
Ts:
To:

80:60:40 (N:P05:K»0 kg ha'l)

120:80:60 (N:P05:K0 kg ha1)

80:60:40 (N:P205:K20 kg ha‘1)+ 5t FYM ha-1
120:80:60 (N:P205:Ko0 kg ha 1)+ 5t Fym-1
80:60:40 (N:P205:K0 kg ha'l) + Zn

80:60:40 (N:P205:K90 kg ha 1) + S

80:60:40 (N:P205:K-0 kg ha'l) + B

80:60:40 (N:P205:Ko0 kg hal) + Zn + S
80:60:40 (N:Py05:K»0 kg ha'l) + Zn + B

Tio: 80:60:40 (N:P205:K50 kg hal) + B + S
T 80:60:40 (N:P205:Ko0 kg hal) + Zn + S+ B
Ty,: Control ( No fertilizer)

Design
Replication

: Randomized Block Design
103

Gross plot size : 8.0 mx 5.0 m =40 m?

Net plot size

Replication
Plot to plot
DIT
D/H

:7.2mx4.6m=33.12m?

Spacing between
:1.0m
:0.50
:11.8.2013 and 16.07.2014
:20.11.2013 and 23.10.2014

Fig.3.3 Layout of Experiment no. 11 (Kharif season of 2013 and 2014)
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Title: Enhancement of productivity and quality of red rice through organic and

inorganic application of nutrients

Table 3.4: Treatment details of Experiment No-111

Notation Treatment details

Abbreviation

T

T,

T3

Ts

Ts

Ts

Ty

60:40:30 (N:P205:K20 kg ha'1)

through Inorganic

120:60:40 (N:P205:K20 kg ha'1)

through Inorganic

60:40:30 (N:P205:K»0 kg ha-1) through
25% organic(O) + 75 % through Inorganic
120:60:40 (N:PoOg5:Ko0 kg ha'l)
through 25% organic + 75 % through
Inorganic

60:40:30 (N:P205:K»0 kg ha-1) through
50% organic + 50 %through Inorganic
120:60:40 (N:PpO5:Ko0O kg ha'l)
through 50% organic + 50 % through
Inorganic

N of T; through organic + 2 Foliar
spray of N at active tillering and
panicle initiation stages

N of T, through organic + 2 Foliar spray of
N at active tillering and panicle initiation

stages

Control (No fertilizer)

T1: NeoPaoKso (1)

T2: N 120P60Kag (1)

N

T3: Ngo PaoK 30 (25% O +75% |)

T4: N12gPsoKag (25% O +75% |)

Ts: Ngo PagKszg (50% O +50 % |)

Te: N120PsoKag (50% O +50% |)

TN of T; applied through
organics (O) + FSof Nat T
and PI stages

Tg:N of T, applied through
organics (O) + FSof Nat T
and PI stages

To: Control




8.0m

0.75m

N
Rep-I Rep-I1 Rep-111 w + E
50m 10m
= s
I T1 ] T9 ] T2 i
T7 T2 T4
T5 T5 T7
T8 T1 T1
T2 T8 T8 52.25 m’
T9 T3 T6
T4 T7 T5
T6 T6 T3
T3 T4 T9
| ] v

A

v

49.50 m?

Treatment details
Integrated use of inorganic, organic and micronutrients

Tyt
T,
Ts:
T.:
Ts:

60:40:30 (N:P2O5:K20 kg ha-1) through inorganic

120:60:40 (N:P20O5:K20 kg ha'l) through inorganic

60:40:30 (N:P2O5:K20 kg ha-1) through 25% organic + 75% through inorganic
120:60:40 (N:P205:K20 kg ha‘l) through 25% organic + 75% through inorganic
60:40:30 (N:P2O5:K20 kg ha-1) through 50% organic + 50% through inorganic

Te: 120:60:40 (N:P20O5:K20 kg ha-1) through 50% organic + 50% through inorganic

T7: N of T, through organic + 2 foliar spray of N at active tillering and panicle initiation stages

Tg: N of T, through organic + 2 foliar spray of N at active tillering and panicle initiation stages

To: Control ( No fertilizer)

Design : Randomized Block Design Spacing between

Replication  : 03 Replication  :1.0m

Gross plot size : 8.0 mx 5.0 m = 40 m* Plot to plot ~ :0.50

Net plotsize :7.2mx4.6 m=33.12m? DIT :13.8.2013 and 16.07.2014
D/H :18.10.2013 and 02.10.2014

Fig.3.4 Layout of Experiment no. 111 (Kharif season of 2013 and 2014)



Design of experiment
Number of replications
Variety
Plot size

Gross

Net
Seed rate
Spacing between
Row x Plant
Replication
Plot
Date of sowing

Randomized Block Design
03
RR 12 EN-1

8.0m x 5.0 m=40 m?
7.2mx4.6m=33.12m?
40 kg ha™

20cmx 10 cm

1.0m

0.75m

13.08.2013 and 16.07.2014
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Date of harvesting 18.10.2013 and 02.10.2014
3.8 Nursery management and transplanting

Red rice seedlings were grown on raised bed nursery having of 3.0 m length x
1.5 m width. Bed was raised up to height of 15 cm. To achieve good germination and
healthy seedlings, seeds were sown in line with 5 cm apart. Seed rate @ 40 kg ha™* was
taken and treated with bavistin @ 2.5 g kg™ seed. Nursery was kept insect pest,
diseases and weed free. Twenty to twenty five days seedlings were transplanted at
shallow depth. Two to three seedlings hill"* of each genotype was used as required in

different experiments.
3.9 Fertilizer application

In Experiment No-I, the nitrogen, phosphorous and potash were applied as per
treatments. The 50 % dose of nitrogen and 100 % recommended dose of phosphorus
and potassium were applied as basal and remaining nitrogen was applied in two equal
split during tillering and panicle initiation stages of the crop. In Experiment No-11, N, P
and K were applied as indicated in Experiment No-1. Further, the organic source FYM
(N and K 0.5 % and P 0.2 %) and K and micro nutrients like Zinc sulphate @ 25 kg ha’
! borax @ 10 kg ha™ and silicon @ 4 kg ha™ were applied as basal dose. In Experiment

No-Ill, the N, P and K were applied as indicated in above experiments. Further, the
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organic manure was applied as basal and foliar application of nitrogen was done as per

treatments.

3.10 Weed management
One manual weeding was done at 30 DAT in all three experiments.

3.11 Water management

The experiments were raised totally based on natural rainfall maintaining water
depth of 5 £ 2 cm with provision of drainage to remove excess of rainfall.
3.12 Plant protection

In both years, fungicide tricyclazole was sprayed at the rate of 0.3 % as per
need.
3.13 Harvesting and threshing

Harvesting and threshing of all red rice ideotypes was done manually to

minimize yield losses and reducing experimental error by using sickle.

3.14 Cultural operations and application of treatments

Table 3.5: Calendar of cultural operations in red rice

SN. Operation

Experiment No-I Experiment No-I1

Experiment No-111

2013 2014 2013 2014 2013 2014

1. Ploughing 13.07.2013 19.06.2014 13.07.2013 19.06.2014 13.07.2013 19.06.2014
2. Nursery 15.07.2013 20.06.2014 15.07.2013 20.06.2014 15.07.2013 20.06.2014
3.  Transplanting 08.08.2013 15.07.2014 11.08.2013 16.07.2014 13.08.2013 16.07.2014
4, Hand weeding 05.09.2013 08.08.2014 07.09.2013 09.08.2014 15.09.2013 13.08.2014
5. Top dressing

I-At Tillering 04.09.2013 12.08.2014 06.09.2013 14.08.2014 11.09.2013 13.08.2014

[I-At Pl stage 29.09.2013 09.09.2014 30.09.2013 10.09.2014 26.09.2013 06.09.2014
6. Fungicide 02.09.2013 28.08.2014 13.09.2013 02.09.2014 22.09.2013 26.08.2014
7. Rouging 1.10.2013  19.09.2014 3.10.2013  21.09.2014 25.09.2013 09.09.2014
8. Harvesting 27.11.2013 2.11.2014 20.1120.13 23.10.2014 18.10.2013 02.10.2014
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3.15 Observations recorded

3.15.1 Pre-harvest studies

In order to record pre - harvest observations of red rice, five randomly selected
hills in each treatment were marked in all the three experiments. The observation on
different parameters was taken at 30, 60 and 90 DAT.

3.15.1.1 Plant height

Five randomly selected hills were marked and the plant height was measured
with the help of meter scale from the base of the plant to the tip of the top most leaf and

then average was worked out.

3.15.1.2 Leaf area index (LAI)

Leaf area index is defined as leaf area per unit land area. It was calculated by
dividing the leaf area per plant by the land area occupied by single plant (Sestak et al.,
1971).

_ Total leafarea ofthe hill
 Total ground area of the hill

LAI

3.15.1.3 Dry matter accumulation (g hill™®)

Plants from five hills in each plot from the second were selected randomly and
uprooted carefully then thoroughly washed and after complete drying, the sample was
oven dried at 60°C to get constant weight. The oven dry weight was recorded and
expressed in g hill™.

3.15.1.4 Crop growth rate (CGR)
The crop growth rate was calculated for period 0-30, 30-60 and 60-90 DAT

with the help of following formula:

W, - W,
Crop growth rate (g hill"'day™) = -----------mmmnn---
-1
Where,

W, and W are the total dry weight of plant at the time t, and t;, respectively.



44

3.15.1.5 Relative growth rate (RGR)

The RGR was worked out with the help of following formula:

LnW5 - LnW;
Relative growth rate (g g* hill™* day™) = -------------------——-

Where,

LnW; and LnW, are the natural logarithm of total dry weight of plant at the

time interval t, and t;, respectively.

3.15.2 Post-harvest studies
3.15.2.1 Number of effective tillers hill™

Numbers of effective tillers were counted from five randomly selected hills and
then mean was worked out for expressed as effective tillers hill™.

3.15.2.2 Panicle length (cm)

The length of five randomly selected panicles was measured and then mean was

worked out.
3.15.2.3 Panicle weight (g)

The weight of five randomly selected panicles was measured and then mean
was worked out.
3.15.2.4 Grains panicle™

Total grains were counted from five panicles which were already collected for
measurement of length and then mean was worked out.
3.15.2.5 1,000 grain weight (g)

The weight of thousand grains were recorded from the samples drawn from the
produce obtained in each of the net plot and is expressed in gram per thousand grains.
3.15.2.6 Grain yield (g ha™)

The harvested crop was threshed manually and the grain weight was recorded.
Average grain yield for each plot was worked out separately and converted into q ha™.
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3.15.2.7 Straw yield (q ha™)

It was calculated by subtracting the grain yield from the total biomass

production.

3.15.2.8 Harvest index (%)

It was calculated by using the following formula:

Grain yield (kg ha)
Harvest index (%) = -----=--=-==n=mmmmmmmmmme oo x 100
Total biomass yield (kg ha™)

3.15.2.9 Root biomass (cc)

Five hills were uprooted carefully from the second row of each plant with the
help of root sampler, washed it and measured with help of measuring known volume of
water filled cylinder and dipping the root and increased in volume of water was
measured.

3.16 Chemical analysis

Soil samples were collected from each plot following standard soil sampling
technique at initially and at harvest of rice. Analysis of organic carbon (Walkely and
Black’s rapid titration method; Black, 1965), available N (Alkaline permanganate
method; Subbiah and Asija, 1956), P (Olsen’s NaHCOg3; Olsen et al., 1959) and K
(Flame photometer method; Jackson, 1973) were carried out.

N, P and K content were determined in grain and straw of red rice .The analysis
was done by micro kjeldhal, vanadomolybdate yellow colour and flame photometer for
nitrogen, phosphorus and potassium, respectively. The N, P and K uptake was also
worked out by multiplying concentration with respective dry weight of rice grain on

oven dry basis.

3.16.1 Iron and Zinc estimation

Whole rice grains were subjected to di-acid mixture based digestion as
described below in triplicate with rice flour as a standard in each batch of digestion to
establish accuracy of digestion. Iron and zinc content was estimated by using standard
method described under Harvest Plus, (2006) guidelines using Atomic Absorption
Spectrophotometer (AAS 200, Perkin EImer make). Rice flour standards (SRM 1568a;
National Institute of Standards and Technology, Gaithersburg, MD) were digested and
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analyzed along with the tissue samples to ensure accuracy of the instrument calibration.

The protocol for step-wise procedure is as follows.

1. 0.5 g of rice sample of each rice genotype under study was placed in a vessels and
11ml of di-acid mixture (9 ml HNO3, 2 ml HCI) was added and kept overnight at
room temperature for pre-digestion.

2. Digestion was carried out at temperature 180°C in a microwave digestion chamber
(CEM-MARS equipment) for 45 minutes.

3. Completion of digestion was confirmed when the liquid turns colorless.

4. After cooling, the solution was filtered through a whatman’s No. 40 filter paper and
volume of the filtrate was made up to 50 ml using double distilled water. Aliquots
of this solution were used for determination of Fe and Zn using atomic absorption
spectrophotometer.

Reagents and solutions used for Iron and Zinc estimation

1. Acid mixture

9 ml Nitric acid (HNO3),

2 ml Hydrochloric acid (HCL) (All glass distilled or A.R. grade)

1. Zero TDS water (Total Dissolved Solutes) for volume make up to 50 ml.

3.17Quiality characters
3.17.1 Paddy length and breadth (mm)
Ten paddy were taken randomly and average length and breadth were recorded in
mm.
3.17.2 Paddy length: breadth ratio

It was calculated by the formula:

Length of paddy grain
Paddy length: breadth ratio = --------=-==-=-=-mmmmmmm oo
Breadth of paddy grain

3.17.3 Head rice recovery percentage

Head rice recovery percentage was recorded on 100 g composite seed sample
collected from each plot in each replication separately .Seed samples were hulled and
milled by Satake huller and miller and the percentage of head rice recovery was

calculated as procedure given by Govindasawamy and Ghosh, (1969).
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3.18 Production efficiency
Production efficiency was calculated using formula given by Tomar and Tiwari
(1990) as fallows:

Seed yield (kg ha™)
Production efficiency (kg ha™ day™) = ------mmmmmmmmmmmeeeeeeeeeeee -
Duration of the crop (Days)

3.19 Energetic

Energy inputs were calculated and estimated in Mega Joule (MJ) ha™ with
reference to the standard values prescribed by Mittal et al. (1985). These inputs were
taken to each treatment of rice. The standard energy coefficient for seed and straw of
rice was multiplied with their respective yields and summed up to obtain the total
energy output. The energy input for rice was calculated by adding the respective values.
Energy use efficiency, energy output-input ratio, energy productivity and energy
intensiveness were calculated as per the following formulas:

Total produce
Energy use efficiency (MI?x1073) = -oeeeemmmmmmmeeeeee
Energy input (MJx107%)

Energy output
Energy output input ratio = ---------------------
Energy input

Mean grain yield (g)
Energy productivity (g MJ ha™) = - T
Total energy input (MJ)

Total energy output (MJ)
Energy of intensiveness (MJ Re™) = ---------- e
Total cost incurred (Rs)

3.20 Economic analysis

The cost of cultivation of individual crop was calculated on the basis of
prevailing market prices for different inputs. Net return was calculated by deducting the
cost of cultivation from the gross return. Benefit- cost ratio was compared by dividing
net return with cost of cultivation. The values for calculation of cost of cultivation were

presented in Appendix Il and IV.
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3.21 Statistical analysis

The data obtained on various parameters were tabulated and subjected to
statistical analysis. The difference of treatment was tested with ‘F’ test, where ‘F’ test
shown their significance, the level of treatment were compared by critical difference at
5% level of probability. The skeleton of analysis of variance and formula used for

various estimations are given by Gomez and Gomez, (1984).



CHAPTER-IV
RESULTS AND DISCUSSION

Research trials on “Productivity and Quality of Red Rice (Oriza sativa L.)
Genotypes as Influenced by Organic, Inorganic and Integrated Nutrient
Management Practices” were conducted at Instructional cum Research Farm of
Shaheed Gundadhoor College and Agricultural Research Station, Jagdalpur,
Chhattisgarh during kharif season of 2013 and 2014. In both kharif season three
experiments were conducted .In first experiment entitled “Performance of different
red rice genotypes under varied spacing and fertility level”, the treatments
comprised of 3 genotype in main-plot, 2 spacing in sub-plot and 3 fertility levels in
sub-sub plot. Whereas, in second experiment entitled “Grain yield and nutrient
uptake of red rice as influenced by integrated use of inorganic, organic and micro
nutrients”, the treatments was composed of 12 integrated use of inorganic, organic and
micro-nutrient. Further, in third experiment entitled “Enhancement of productivity
and quality of red rice through organic and inorganic application of nutrients”,
the treatment consisted of 9 organic and inorganic application of nutrients.

In this chapter experiment wise findings are presented with help of table and
graphics related to the mandate of experiments .The interpretation in terms of cause
and effect relationship highlighted in this chapter along with earlier established
scientific views of national and international research works.

4.0 Weather effect

Rice is one of the most important agricultural products and it is cultivated in
almost all countries in the world. Climate chooses the right crop for a particular
environment, while the prevailing weather condition of that environment decides the
potentiality of that crop. The most important weather parameters are rainfall,
temperature and solar radiation. Rainfall (spatial and temporal variation) is the direct
critical weather parameter in rainfed ecologies. When considering the growth stages of

rice, reproductive and ripening stages are the most sensitive stages to weather.
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Spikelet fertility is the most sensitive yield component when rice is subjected to
stress viz., low or high temperature, low solar radiation or water deficit (drought).

The rice plant usually takes 3-6 months from germination to maturity, depending
on the variety and the environment. Agronomically the growth cycle can be divided into
3 growth stages: vegetative, reproductive, and ripening. Vegetative stage: tillering, gradual
increase in plant height and leaf emergence. Start of tillering when the 5th or 6th leaf
develops. Differences in growth duration are primarily due to differences in the length of
the vegetative growth stage. (e.g. early maturing varieties have short vegetative
stages). Heading synonym for anthesis usually defined as the time when 50% of the
panicles have exerted. It takes 10-14 days for a crop to complete heading because there is a
variation in panicle excretion within tillers of the same plant and between plants in the
same field.

The weather data during the experimentation periods indicated that the weekly
average sunshine hour varied from 0-7.3 hrs day™ and 0.1-7.5 hrs day™ during kharif
period 2013 and 2014, respectively. Even due to cloudy weather diffused sun light favored
the red rice crop during both years. So far rainfall is concerned during cropped period
695.9 mm and 792 mm with 50 and 49 rainy day were noted in 2013 and 2014 rainfall,
respectively. The rainy days indicate that on an average after three days rain was received
during both cropping season. The maximum temperature varied from 25.6° C in fourth
week of July to 30.7°C in third week of September 2013, further in year 2014, its varied
from 26° C in fourth week of November to 31.6°C in fourth week of September month.
The minimum temperature experienced by rice crop varied from 17° C in fourth week of
October to 23.1°C in third week of August during 2013, further in year 2014, it varied from
6.3°C in fourth week of November to 29.80C in third week of July. The relative humidity
ranged between 45.4-89.9 and 33.4- 96.6, during 2013 and 2014, respectively. The evapo-
transpiration ranged between 0.6-5.5 mm and 1.7-4.7 mm during 2013 and 2014
respectively. Further, the wind velocity ranged between 1.4-9.1 km hr* and 1.7-11.4 km
hr! during 2013 and 2014, respectively.
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4.1 Experiment No. | : Performance of different red rice genotypes under varied
spacing and fertility level
4.1.1 Pre-harvest studies
4.1.1.1 Plant height (cm)
The data on plant height of different red rice genotypes under varied spacing and
fertility level recorded at 30, 60 and 90 DAT are presented in Table 4.1.1. Among the
genotypes, taller plant of red rice was recorded for red rice genotype VRR12EN-11which

was significantly superior over RR14EN-7 and RR14EN-8 at all the crop grwoth stages
during both the years and on mean basis.

As regard to spacing rice planted at 20 cm x 10 cm was found to be better for
producing taller plant as compared to other planting geometry during both the years and on
mean basis.

The fertility levels found non-significant for plant height at all the crop growth

stages during both the years and on mean basis.

The significant interaction effect for plant height was noted under genotype X
spacing, and it was noted that in interaction RR12EN-11 x 20cm x 10cm produced taller
plants at all the growth stages during both the years and on mean basis, however, it was at
par to interaction between RR12EN-11 x 15 cm x10 cm at 30 and 60 DAT during 2014, as
well as interaction between RR12EN-11 x 15cm x10cm at 30 DAT during (Table 4.1.2).

Interaction between genotype x fertility levels for plant height was significant
during both the years and on mean basis at all growth stages. Significantly taller plant was

noted under interaction between RR 12 EN-11 x 120:60:40 N:P,0_:K,0 kg ha_l, but it was

at par with interaction between RR 12 EN-11 x 90:60:40 N:P,0.:K,O kg ha-" at 30 DAT

(Table 4.1.3).
4.1.1.2 Dry matter accumulation (g hill™)

Dry matter accumulation recorded at 30, 60 and 90 DAT was influenced
significantly due to genotypes planted under varied spacing and fertility levels (Table

4.1.1.4). At all the stages significantly highest dry matter accumulation was noticed under
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genotype RR 12 EN-11 during both the years and on mean basis, however it was at par to
genotype RR14EN-8 at 30 DAT during 2014.

As regards to spacing, significantly highest dry matter accumulation was noted
under 20cm x 10cm (S,) as compared to 15cm x 10cm (S;) at all the growth stages during

both the years and on mean basis.
Regarding fertility levels, application of 120:60:40 (N:P,0,:K,O kg ha") produced

significantly highest dry matter accumulation at all the growth stages during both the
years and on mean basis.

The interaction effect of genotype x spacing revealed that interacton between
RR12EN-11 x 20cm x 10 cm produced significantly highest dry matter accumulation at all
the stages during both the years and on mean basis, however, it was at par to interaction
between RR12EN-11 x 15cm x 10cm at 60 DAT during 2014 and interaction between RR
14 EN-7 x 20cm x 10cm, RR14 EN-8 x 15cm x 10cm and RR12EN-11 x 15cm x 10cm
at 30 DAT on mean basis (Table 4.1.5). As regards to interaction effect of genotype x
fertility levels at most of the crop stages interaction between RR12EN-11 x 120:60:40

N:P,0.:K,0 kg ha recorded significantly highest dry matter accumulation during both the
years and on mean basis, however it was at par to interaction between RR 12 EN-11 X
90:60:40 N:P,0.:K,0 kg ha'l at 90 DAT during 2014 (Taple 4.1.6)- Further, other

interactions were found non significant.
4.1.1.3 Leaf area index

The data on leaf area index was recorded at 30, 60 and 90 DAT and presented in
Table 4.1.7. The leaf area index increased from 30 DAT to 90 DAT, but the trend of
increase was more from 30 DAT to 60 DAT, but after wards it decreased from 60 DAT to
90 DAT.

The genotype RR 12 EN-11 registered significantly highest leaf area index as
compared to RR 14 EN-7 and RR 14 EN-8 at all the stages of observation during both the
years and on mean basis.

The red rice planted at spacing of 15 cm x10cm registered significantly highest leaf

area index at all the stages of observation during both the years and on mean basis,
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however, at 30 DAT during 2013 at spacing of 20cm x 10cm, gave significantly highest
leaf area index.

The effect of fertility levels on leaf area index was noted to be non significant at all
the stages of observations during both the years and on mean basis.

The interaction effect of genotype x spacing data revealed that significantly highest
leaf area index was recorded under interaction between during both the years and on mean
basis, however, RR12EN-11 x 15cm x 10cm during 2013 at 30 DAT, interaction
RR12EN-11 x 20cm x 10cm had significantly higher leaf area index over rest of the

interaction (Table 4.1.8). The interaction effect of genotype x fertility levels showed that
interaction between RR12EN-11 x 120:60:40 (N:P,0.:K,0 kg ha'l) gave the maximum

leaf area index at 30 and 60 DAT during 2013 (Table 4.1.9). The interaction effect of
spacing x fertility levels and genotype x spacing x fertility levels were found non
significant for leaf area index.

4.1.1.4 Crop growth rate (g hill"* day™)

The crop growth rate computed at 0-30, 30-60 and 60-90 DAT are presented in
(Table 4.1.10). In general, crop growth rate increased from 0-30 to 60-90 DAT. The
genotype RR12EN-11 and spacing 15cm x 10cm registered significantly highest crop
growth rate, but the effect of genotypes at 30 DAT and spacing at 30 and 90 DAT were
found non-significant during 2013. During 2014 at 30 DAT and on mean basis and at 60

DAT the fertility level of 120:60:40 (N:P,0.:K,0O kg ha'l) recorded significantly higher

crop growth rate.

The interaction effect of genotype x spacing data indicate that significantly highest
crop growth rate at 30 and 60 DAT during 2014 and on mean basis and at 60 DAT during
2013 was recorded under interaction between genotype RR12EN-11 x 20cm x 10cm which
was at par to interaction between RR12EN-11 x 20cm x 10cm at 30 DAT on mean basis.
Further, during 2013 at 30 DAT interaction between RR12EN-11 x 20cm x 10cm recorded

significantly highest crop growth rate over rest of the interaction (Table 4.1.11).
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As regards to interaction effect of genotype x fertility levels, the interaction
between RR12EN-11 x 120:60:40 (N:P,O.:K,O kg ha ) noticed maximum crop growth

rate at 30 and 60 DAT (Table 4.1.12).
4.1.1.5 Relative growth rate (g g™ hill"* day™)

The data relative growth rate at 0-30, 30-60 and 60-90 DAT are presented in
4.1.13.The finding revealed that the relative growth rate was found statistically non
significant at all the stages of observation during both the years and on mean basis.

4.1.2. Root volume, yield attributes and yield
4.1.2.1Root volume (cc)
The data on root volume of red rice as influenced by genotypes under varied

spacing and fertility levels are presented in Table 4.1. 14. Significantly highest root
volume was registered under genotype RR12 EN-11as compared t0 RR 14 EN-7 and RR

14 EN-8 during both the years and on mean basis.

The spacing at 20cm x 10cm recorded significantly higher volume of root as

compared to spacing of 15cm x 10cm only on mean basis.

The fertility levels of 120:60:40 (N:P,0.:K,0 kg ha) gave significnaly higher root

volume as compared to fertility levels of 60:40:30 (N:P,0s:K,0 kg ha™) and 90:60:40
(N:P,05:K,0 kg ha™) only on mean basis.

The interactions between RR 12 EN-11 x 20cm x 10cm (Table 4.1.15). RR12EN-
11 x 120:60:40 (N:P,0.:K,O kg ha_l) (Table 4.1.16) and 20cm x10cm x 120:60:40

-1 . . pn .
N:P,O0.K,O kg ha (Table 4.1.20) recorded significantly highest root volume only on

mean basis.
4.1.2.2 Effective tillers (No. hill %)

The data on effective tillers of red rice as influenced by genotypes under varied
spacing and fertility levels are presented in Table 4.1.14 .Significantly highest number of
effective tillers hill *was registered under genotype RR 12 EN-11 but it was at par with
genotype RR 14 EN-8 during both the years and on mean basis.
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Significantly higher number of effective tillers hill * was observed under spacing
20cm x 10cm as compared to spacing of 15cm x 10cm.

The fertility level of 120:60:40 (N:P,0.:K,O kg ha'l) gave significantly higher
number of effective tillers hill" as compared to fertility levels of 60:40:30 (N:P,0s:K,0 kg
ha) and 90:60:40 (N:P,0s:K,0 kg ha™) during both the years and on mean basis.

The interaction between genotype x spacing registered significantly highest
effective tillers during both the years and on mean basis under treatment RR12EN-11 x
20cm x10 cm, but it was at par with RR12EN-11 x 20 cm x 10cm and RR 12EN-11 x
15cm x10cm during 2014 (Table 4.1.15). While, genotype x fertility levels interaction
revealed that during 2014 and on mean basis RR12EN-11 120:60:40 (N:P,0.:K,O kg ha)
was significantly superior over rest of the treatments (Table 4.1.16).
4.1.2.3 Panicle length (cm)

The data on panicle length of red rice as influenced by genotypes under varied
spacing and fertility levels are presented in Table 4.1.14. Significantly longest panicle was
registered with genotype RR12EN-11 as compared to RR14EN-7 and RR14EN-g during
both the years and on mean basis.

The spacing of 20cm x 10cm recorded during both the years and on mean noticed
significantly higher panicle length as compared to spacing of 15cm x 10cm during both the
years and on mean basis.

The fertility level on mean basis registared significanlty higher panicle length under
treatment 120:60:40 N:P,0.:K,0 kg ha' as compared to fertility levels at 60:40:30
(N:P,05:K,0 kg ha™) and 90:60:40 (N:P,0s:K,0 kg ha™).

Interaction between RR12EN-11x 20cm x 10cm gave significantly longest panicle
during both the years and on mean basis, but it was at par with RR12EN-11 x15c¢m X 10cm

during 2013 (Table 4.1.15). Interaction between RR12EN-11 x 120:60:40 (N:P,0,:K,O kg

ha-) gave significantly longest panicle during both the years and on mean basis, but it was
at par with RR 12 EN-11 X 90:60:40 (N:P,0,:K,O kg ha-") during 2014 and on mean basis

(Table 4.1.16)-
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4.1.2.4 Panicle weight (g)

The data on panicle weight of red rice as influenced by genotypes under varied
spacing and fertility levels are presented in Table 4.1.14. Significantly highest panicle
weight was registered under genotype RR12EN-11, but it was at par with RR14EN-8
during both the years and on mean basis.

The spacing of 20cm x 10cm registered significantly heavier panicle weight as
compared to geometry of 15cm x 10cm during both the years and on mean basis. The
effect of fertility levels was found non-significant for panicle weight.

The interaction between RR12EN-11x 20cm x 10cm gave significantly highest

panicle weight during both the years and on mean basis (Taple 4.1.15).

4.1.2.5 Grains panicle™ (No)
The data on grains panicle™ of red rice as influenced by genotypes under varied

spacing and fertility levels are presented in Table 4.1.17. Rice grains panicle™ was

significantly higher under genotype RR12EN-11 as compared t0 RR14EN-7 and RR14EN-
8 during 2014.

The spacing of 20cm x 10cm registered significantly higher grains panicle™ during

2014 over the treatment 15cm x 10cm.

The fertility level at 120:60:40 (N:P,O.K,0 kg ha'l) during 2014 gave

significanlty higher grains panicle™ a5 compared to fertility levels at 60:40:30
(N:P,0s:K,0 kg ha™) and 90:60:40 (N:P,0s:K,0 kg ha™).
4.1.2.6 Test weight (g)

The data on test weight of red rice as influenced by genotypes under varied spacing
and fertility levels are presented in Table 4.1.17. The test weight was registered
significantly higher under genotype RR12EN-11 as compared t0 RR14EN-7 and RR14EN-
8 during both the years and on mean basis.

The geometery of 20cm x 10 cm registered significantly higher test weight as
compared to spacing of 15cm x 10cm during both the years and on mean basis.

The effect of fertility levels was found non significant during both the years and on

mean basis.
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Interaction effect of genotype x spacing revealed that during both the years and on
mean basis significantly highest test weight was recorded under RR12EN-11 x 20cm x10
cm (Table 4.1.18). As regard to interaction effect of genotype x fertility levels significantly

highest test weight was recorded under RR12 EN-11 x 120:60:40 (N:P,0.:K,O kg ha-l)
during both the years and on mean basis (Table 4.1.19).
4.1.2.7 Grain yield (q ha™)

The data on grain yield of red rice as influenced by genotypes under varied spacing

and fertility levels are presented in Table 4.1.21.The grain yield was significantly highest
under genotype RR12EN-11 @ compared t0 RR14 EN-7 and RR14EN-8 during both years

and on mean basis.

Under geometery of 15cm x10 cm significantly higher grain yield during both the
years and on mean basis was noted as compared to spacing 20cm x 10cm .

The grain yield was significnaly higher under fertility level at 120:60:40
(N:P205:K20 kg ha) during both the years and on mean basis as compared to fertility
level at 60:40:30 (N:P,0s:K,0 kg ha™) and 90:60:40 (N:P,0s:K,0 kg ha™) .

The interaction between RR12EN-11 x 20cm x10cm gave significantly higher
grain yield, but it was at par with treatment RR12EN-11 x 15cm x10cm during both the
years and on mean basis as well as RR12EN-7 x 15cm x 10cm and RR12EN-8 x 15cm x
10cm during 2014 (Taple 4.1.22)-
4.1.2.8 Straw yield (g ha™)

The data on straw yield of red rice as influenced by genotypes under varied spacing
and fertility levels are presented in Table 4.1.21. Significantly higher straw yield was

registered under genotype RR12EN-11 @s compared to RR14EN-7 and RR14EN-8 during
both the years and on mean basis.

The straw yield was significantly higher under spacing of 20cm x 10cm @S

compared to geometery of 15cm x 10cm.
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The fertitity level at 120:60:40 (N:P,0,:K,0 kg hal) produced significantly higher

straw yield as compared 10 fertility levels of 60:40:30 (N:P,Os:K,O kg ha™) (F) and
90:60:40 (N:P,0s:K,0 kg ha™) during both the years and on mean basis.

The interaction effect of genotype and spacing was significantly for straw yield
where interaction between RR12EN-11 x 20cm x 10 cm recorded significantly highest(]
straw yield during both the years and on mean basis (Table 4.1.22).
4.1.2.6 Harvest index (%0)

The data on harvest index of red rice as influenced by genotypes under varied
spacing and fertility levels are presented in Table 4.1.21. Significantly higher harvest index

was registered under spacing 15cmx10 cm as compared to geometry 20cm x 10cm (S2)

during both the years and on mean basis. However, effect of genotype and fertility levels

was found non significant for harvest index during both the year and on mean basis.

The interaction between RR 12 EN-8 x 15cm x10cm during 2013 and on mean

basis recorded significantly highest straw yield, but it was at par with Rr 12 EN-7 x 15cm

x 10cm, RR12EN-7 x 20cm x 10cm and RR12EN-11x 15cm x10 cm. further it was at par
to RR12 EN-7 x 15cm x10 cm, RR12EN-7 x 20cmx10 cm and RR 12 EN-11 x 15cm X

10cm On mean basis where as, during 2014 interaction between RR12EN-7 x 15cm
x10cm recorded significantly highest harvest index, but it was at par to RR12EN-8 x 15cm
x10cm and RR 12 EN-11x 15cm x 10cm (Table 4.1.22)-

4.1.3 Nutrient content in red rice
4.1.3.1 N content in grain and straw (%)

The data on N content of red rice as influenced by genotypes under varied spacing
and fertility levels are presented in Table 4.1.26. Significantly highest N content in grain
was registered under genotype RR12EN-11, which N content in straw was noted

significantly higher during both the years and on mean basis.

As regarding to spacing sjgnificantly highest N content in grain and straw was
registered under 20cm x10cm as compared to geometry 15cm x10cm during both the year

and on mean basis.
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The fertility level at 120:60:40 (N:P,0.:K,O kg ha'l) reduced significantly highest
nitrogen content in grain and straw during both the years and on mean basis except
nitrogen content in straw which was found non significant during 2014.

The interaction between RR12EN-11 x 20 cm x 10 cm gave significantly highest N
content in grain during both the years and on mean basis, but it was at par with RR14EN-
7 x 20cm x 10cm recorded (Table 4.1.27). While, interaction between RR12EN-11x
120:60:40 (N:P,0_:K,0 kg ha-') recorded significantly highest N content in grain during
both the year and on mean basis (Table 4.1.28). Similarly interaction between 20cm x

10cm X 120:60:40 (N:P205:K20 kg ha-') gave significantly highest N content in grain,
but it was at par with 15 cm X 10cm X 60:40:30 (N:P,0,:K,0 kg ha-') (Table 4.1.29)

Further, the interaction between RR 14 EN-7 (V1) X 20cm X 10cm (S2) and RR 14 EN-
7(V1) x 120:60:40 (N:P,0,:K,0 kg ha-") noted significantly highest N content in straw.

4.1.3.2 P content in grain and straw (%o)
The data on P content of red rice as influenced by genotypes under varied spacing

and fertility levels are presented in Table 4.1.30. Significantly higher P content in grain

and straw was registered under genotype RR12EN-11 in comprison of RR14EN-7 and
RR14EN-8 during both the years and on mean basis.

Spacing of 20cm x10cm registered significantly higher P content in grain and

straw as compared to narrow spacing during both the years and on mean basis.
The fertility level of 120:60:40 (N:P,0.:K,0 kg ha'l) recorded significantly highest

P content in grain during 2014 and on mean basis except during 2013 which was found
non significant. As regards to effect of fertility level, it was found non significant for P
content straw during both the years and on mean basis.

The interaction between RR12EN-11 x 20cm x10cm recorded significantly
highest P content in grain and straw during both the years and on mean basis but, it was at
par with  RR14EN-7 x 20cm x10cm during both the years for P content in grain and
during 2013 for P content in straw (Table 4.1.31). The interaction between RR12EN-11x
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120:60:40 (N:P205:K»0 kg ha-') gave significantly highest P content in grain during
both the years and on mean basis (Table 4.1.32)- The interaction between 20cm x10cm x
120:60:40 (N:P,0_:K,O kg ha-') gave significantly highest p content in grain and straw
during 2014 and on mean basis (Taple 4.1.33)-

4.1.3.3 K content in grain and straw (%)

The data on K content of red rice as influenced by genotypes under varied spacing
and fertility levels are presented in Table 4.1.34. Significantly highest K content in grain
and straw was registered under genotype RR12 EN-11, but it was at par with RR14 EN-
7during 2013 and on mean and genotype RR 14 EN-7 during 2014.

The spacing of 20cm x10 cm during both the years as well as on mean basis
registered significantly higher K content in grain and straw as compared to narrow spacing.
The effect of fertility level was found non-significant for K content in grain and straw
during both years and on mean basis.

The interaction between RR12EN-11 xc20cm x10cm recorded significantly highest K
content in grain, but it was at par with RR14EN-7 x 20cm x 10cm during both the years.
While, K content in straw was significantly highest under RR12EN-8 x 20cm x10 (Table

4.1.35). Moreover, interaction between RRI12EN-7x 120:60:40 N:P,O0.:K,O kg ha‘1
registerd significantly highest K content in grain but, it was at par with RR12EN-11 x

120:60:40 N:P,0.K,O kg ha -! during 2013 and on mean basis. Interaction between

RR12EN-11 x 120:60:40 N:P,0,:K,Okg ha-- registered significantly highest K content in
straw (Table 4.1.36)- More over the interaction between 20cm x 10cm X 120:60:40

N:P,0,:K,0 kg ha- recorded significantly highest K content in grain and straw during

both the years and on mean basis (Taple 4.1.37):

4.1.3.4 Zinc content in grain (ppm)
The data on zinc content in grain of red rice as influenced by genotypes under

varied spacing and fertility levels are presented in Table 4.1.23. Significantly highest zinc
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content in grain during both the years and on mean basis was registered under genotype
RR14EN-8, but it was at par with RR14EN-7 during 2013.

Under SPacing of 20cm x10cm hoticed significantly higher zinc content in grain
as compared to narrow spacing of 15cm x 10cm during both the years and on mean basis.

The fertility level of 120:60:40 N:P,05:K50 kg ha-" recorded sjgnificantly higher

zinc content in grain as compared t0 fertility levels of 60:40:30 (N:P,0s:K20 kg ha™) and
90:60:40 (N:P,0s:K,0 kg ha™).

The interaction between RR14EN-8 x 20cm X 10cm (Table 4.1.24) and RR14
EN-8 x 120:60:40 N:P,0.:K,O kg ha (Table 4.1.25) registered recorded sjgnificantly
highest zinc content in grain during both the years and on mean basis.

4.1.3.5 Iron content in grain (ppm)

The data on iron content in grain of red rice as influenced by genotypes under
varied spacing and fertility levels are presented in Table 4.1.23.

Significantly highest iron content in grain was registered under genotype RR14
EN-8, but it was at par with RR14EN-7 during 2014 and on mean basis.

The spacing of 20cm x10 cm recorded significantly higher iron content in grain as
compared to narrow spacing 15cmx 10 cm during both the years and on mean basis.

The effect of fertility levels for iron content in grain was found non significant

during both the years and on mean basis.

The interaction between RR14EN-8 x 120:60:40 N:P,0.:K,O kg ha- gave

significantly highest iron content in grain during both the years and on mean basis (Taple

4.1.25)-
4.1.4 Economics
4.1.4.1 Gross return (000 Rs ha™)
The data on gross return of red rice as influenced by genotypes under varied

spacing and fertility levels are presented in Table 4.1.38. Significantly higher gross return
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was registered under genotype RR12EN-11 as compared to RR14EN-7 and RR14EN-8

during both the years and on mean basis.

The fertility level of 120:60:40 N:P,0_:K,O kg ha'1 recorded significantly higher

gross return @s compared t0 fertjlity levels of 60:40:30 (N:P,0.:K,0 kg ha'l) and

90:60:40 (N:P,0.:K,0 kg ha-l). The effect of spacing for gross return was found non

significant.

The interaction between RR12EN-11x 20cm x10cm gave significantly highest
gross return during both the years and on mean basis (Table 4.1.39).
4.1.4.2 Net return (000 Rs ha™)

The data on net return of red rice as influenced by genotypes under varied spacing
and fertility levels are presented in Table 4.1.38. Significantly higher net return was noted
under genotype RR 12 EN-11 as compared to RR14EN-7 and RR14EN-8 during both the
years and on mean basis.

Spacing of 15cm x 10cm recorded significant higher net return as compared to
spacing of 20cmx10cm  quring both the years and on mean basis.

The fertility level of 120:60:40 N:P,0,:K,0 kg ha- gave significantly higher net
return as compared 0 fertility levels of 60:40:30 (N:P,0.K,0 kg ha'l) and 90:60:40
(N:P,0.:K,0 kg ha'l) during both the years and on mean basis. The interaction between

RR 12 EN-11 X 20cm x10cm 9aV€ significantly highest net return during both the years
and on mean basis (Table 4.1.39).
4.1.4.3 B: Cratio

The data on B: C ratio of red rice as influenced by genotypes under varied spacing
and fertility levels are presented in Table 4.1.38. Significantly highest B: C ratio was
registered under genotype RR12EN-11 during both the years and on mean basis.

The spacing of 15cm x 10cm recorded significantly highest B: C ratio quring both

the years and on mean basis:
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Similarly fertility level of 120:60:40N:P205:K20 kg ha‘l gave significantly
highest B: C ratio during 2014 and on mean basis.

The interaction between RR12EN-11x 20cm x 10cm recorded significantly highest
B: C ratio during both the years and on mean basis (Table 4.1.39).
4.1.5 Energetics
4.1.5 .1 Energy use efficiency (qMJ*x107%)

The data on energy use efficiency of red rice as influenced by genotypes under
varied spacing and fertility levels are presented in Table 4.1.40.

Significantly higher energy use efficiency was registered under genotype RR12EN-
11 as compared to RR14EN-7 and RR14EN-8 during both the years and on mean basis.

The Significantly higher energy use efficiency Was recorded under spacing of 20
cm x 10cm as compared to spacing of 15cm x10cm during both the years and on mean
basis.

The significantly higher energy use efficiency was obtained under fertility level of
60:40:30 (N:P,0,K,0 kg ha ) as compared t0 90:60:40 (N:P,0,.K,0 kg ha ) and
120:60:40 (N:P205:K20 kg ha') during both the years and on mean basis.

The interaction between RR12EN-11 x 20cm x10cm (Table 4.1.41) and RR12EN-
11 x 60:40:30 (N:P,0,:K,O kg ha-1) recorded sjgnificantly highest energy use efficiency

during both the years and on mean basis (Table 4.1.42).

4.1.5 .2 Energy output input ratio
The data on energy output input ratio of red rice as influenced by genotypes under

varied spacing’s and fertility levels are presented in Table 4.1.40. Significantly higher
energy output input ratio was registered under genotype RR12EN-11as compared to RR14
EN-7 and RR14EN-8 during both the years and on mean basis.

Significantly higher energy output input ratio was obtained under fertility level of

60:40:30 (N:P,0,:K,0 kg ha™) as compared t0 90:60:40 (N:P,0_K,0 kg ha") and

120:60:40 (N:P,0.:K,0O kg ha‘l) during both the years and on mean basis.



109

The significantly higher energy output input ratio was noted under spacing of 20cm
x10cm as compared 15cm x10cm during both the years and on mean basis.
The interaction between RR12EN-11 x 20cm x10cm (Table 4.1.41) and RR12EN-

11 x 60:40:30 N:P,0O.:K,0 kg ha‘l (Table 4.1.42) gave significantly highest energy output

input ratio during both the years and on mean basis.

4.1.5 .3Energy productivity (g MJ ha™)
The data on energy productivity of red rice as influenced by genotypes under varied

spacing and fertility levels are presented in Table 4.1.40. Significantly higher energy
productivity was registered under genotype RR12 EN-11 as compared to RR14EN-7 and
RR14EN-8 during both the years and on mean basis.

The energy productivity was significantly highest under fertility level of 60:40:30
(N:P205:K20 kg ha-') during 2014 and on mean basis, but effect of spacing was found

non-significant.

The interaction between RR12EN-11 x 20cm x10cm (Table 4.1.41) and RR12EN-
11 x 60:40:30N:PZOS:KZOkgha'l) gave significantly highest energy productivity except
during 2014 (Table 4.1.42).

4.15 .4 Energy intensiveness (MJ Re™)

The data on energy intensiveness of red rice as influenced by genotypes under
varied spacing and fertility levels are presented in Table 4.1.43. Significantly highest
energy intensiveness during both the years and on mean basis was registered under
genotype RR12EN-11 as compared to RR14 EN-7 and RR14EN-8.

The spacing of 20cm x 10cm recorded significantly higher energy intensiveness as
compared to closer spacing during both the years and on mean basis.
Fertility level of 60:40:30 (N:P,0:K,O kg ha™) recorded significantly pighest

energy intensiveness as compared to higher fertility level during both the years and on

mean basis.
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The interaction between RR12EN-11 x 20cm x 10cm (Table 4.1.44) and RR12EN-
11 x 60:40:30 (N:P,O.:K,O kg ha-') gave significantly highest energy intensiveness during
2014 and on mean basis (Table 4.1.45)-

4.1.5 5 Production efficiency (kg ha™ day™)

The data on production efficiency of red rice as influenced by genotypes under
varied spacing and fertility levels are presented in Table 4.1.43. Significantly highest
production efficiency during both the years and on mean basis was registered under
genotype RR12EN-11, spacing of 20cm x 10cm and fertility level of 120:60:40
N:P,0,:K,0 kg ha")

The interaction between RR12EN-11 x 20cm x10cm gave significantly highest
production efficiency (Table 4.1.44).

Discussion on effect of genotype

Growth and vyield characters, grain and straw yields, economic returns energy
parameters and production efficiency were registered significantly highest under genotype
RR12EN-11during both the years and on mean basis. The effective translocation of
assimilates to the sink, which might have resulted in sound filling of grains as revealed by
Bouman et al. (2006) in their findings. Underlying  physiological features of plants
growing in diverse environments and the linkage between structures and functions as
components of progressive evolution the spirit continues unabated in modern plant
biology. Searching rice cultivars or variety with good processing and high in important
essential nutrients are prime important in the present context of rice research. The southern
plateau region of Chhattisgarh which is a mega biodiversity hot spot of the world has
numerous cultivars of rice with tremendous potential of high quality rice. Rice has
tremendous genetic and phenotypic variability among cultivars in competitive ability is
more commonly the rule rather than the exception across rice cropping systems. Rice is
unigue among in the variety of environments in which it can be grown. The remarked
increase in the grain yield of rice plants, especially after the 'Green Revolution, was due
mainly to the release of improved high-yielding varieties with the characteristics of high

response to nitrogen fertilizer and high tillering ability. However, canopy structure of
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modern varieties with luxuriant vegetative growth and dense foliar canopy has also created
lodging and disease problems that cause crop yield fluctuation and reduced benefit because
of high inputs to prevent pest. The modern rice varieties suffer from many diseases caused
by fungi, bacteria, virus etc. Estimation of losses due to different diseases under various
farming systems has not been fully evaluated but in general, it has been estimated to be 10
to 15 percent annually. In certain cases, individual diseases have been reported to cause
tremendous losses, even up to 100 percent (Singh, 1999).Lodging is also another constraint
to achieving higher yields for current varieties when N supply is high. The local land races
are well adopted for their microclimatic condition and they are quite resistant against plant
protection and lodging resistant even we observed during the two successive severe
cyclone during cropping seasons. Thus, crop and nutrient management for better canopy
should link tidily together for minimizing the input and maximizing profit for farmers.
Although plant height of rice cultivar is a varietal character, it is also affected by
environmental conditions (Yoshida, 1981). Tillering plays an important role in determining
rice grain yield since it is closely related to panicle number per unit ground area. Too few
tillers result in too few panicles, but excess tillers cause high tiller mortality, small
panicles, poor grain filling and consequent reduction in grain yield (Peng et al., 1994).
Modern rice varieties tiller profusely under favorable conditions, but only about 50
percents of those produce panicles. Unproductive tillers compete for resources with tillers
those later produce panicles. Reduced tillering is not only thought to facilitate synchronous
flowering and maturity, more uniform panicle size, and efficient use of horizontal space
(Janoria, 1989). Leaf area index (LAI) is an important parameter of rice canopy because it
is directly and positively related to crop photosynthesis. However, increasing LAI cause
increased shading and tiller mortality and is associated with reduced tillering rate in rice
crops (Yoshida and Hayakawa, 1970). Additional tillers become unproductive and led to
excessive LAI and vegetative growth, and a favorable environment for resulting in a higher
percentage of unfilled grains. In the other hand, Zhong et al. (2002) revealed that LAI and
plant N status are two major factors that influence tiller production in rice crops. The low
temperature along with short periods of sunshine in late August particularly under late

transplanting were responsible for the lower percentage of grain filling (Singh et
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al.,2006b). Plant height is an important morphological attribute. It is a function of combined
effects of genetic make up of a plant, soil nutrient status, seedling vigor and the
environmental conditions in which it is grown.
Discussion on effect of plant spacing

Plant spacing influenced the plant height, dry matter accumulation, number of
effective tillers hill™X, panicle length, grains panicle™ and grain yield ha™. Plant height, dry
matter accumulation, CGR, number of effective tillers hill™*, panicle length and weight, test
weight were significantly highest at the spacing of 20cm x 10cm. Plant spacing had
significant effect on grain yield ha™. Yield increased from 3.90 t ha™ to 4.22 t ha™ with
the decrease in plant spacing. Higher grain yield (4.22 t ha™) was obtained at closer
spacing (15cm x10cm) followed by 20cm x 10cm (4.21 t ha™*) .The contribution of closer
spacing for higher yield was strongly supported by Padmajarao (1995) and Islam et al.
(1994). The increase in grain yield with decreasing plant spacing up to 15cm x 10 cm
might be attributed to higher number effective tillers hill™* and grains panicle™. Number of
panicles per unit area is the most important component of yield. Similar results were
reported by Kenneth et al. (1996). Rajesh and Thanunathan (2003) and Uphoff (2001)
observed that the roots of rice plants have more competition under narrow spacing so that
growth is stimulated by sunlight and space for the canopy expansion there by increasing
the yield attributes and yield.
Discussion on effect of fertitity levels

Significantly highest dry matter accumulation , number of effective tillers hill™,
panicle length, grains panicle™, test weight and grain yield were observed under fertility
level of 120:60:40 (N:P,Os:K-0 kg ha™). Plant height, RGR, panicle weight, test weight
and HI remain unaltered due to fertility levels, while hjghest energy use efficiency, energy
output input ratio, energy productivity and energy intensiveness during both the years and
on mean basis were registered under fertility level of 60:40:30 (N:P,0s5:K;O kg ha™)
Similar results were also reported by Navin et al. (1996). Number of effective tillers hill™
followed a pattern similar to that obtained for panicle length which increased with the

increase of fertility level up to 120 kg N ha™. The longest panicle (24.00 cm) was observed
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with fertility level of 120:60:40 (N:P,Os:K,0 kg ha) and the shortest panicle (21.17 cm)
was noted from lower level. Nitrogen nutrient takes part in panicle formation as well as
panicle elongation and for this reason, panicle length increased with the increase of N
fertilization under fertility level of 120:60:40 (N:P,0s:K20 kg ha). The highest number of
grains panicle® was obtained under fertility level of 120:60:40 (N:P,0s:K,0O kg ha™),
which was significantly different from other N levels. Nitrogen helped in proper filling of
seeds which resulted higher produced plump seeds and thus the number of grains panicle™.
Grain yield of rice increased gradually with the increasing fertility level of 120:60:40
(N:P,0s:K,0 kg ha™l). Similar trend was also observed by Haider et al. (1988). The yield
difference between the highest and the lowest yielding treatments was 25 %. The vyield
advantage of N application up to fertility level of 120:60:40 (N:P,0.:K,0 kg ha-') was

mainly due to improvement of yield components viz., panicle length and number of grains
panicle™. Rice requires high quantity of N particularly up to panicle initiation stage for
high production as most of the rice growing soils are poor in N Status. The recovery of
fertilizer N in rice under lowland system does not exceed 50% (Blaise and Prasad, 1996)
and in many cases even less due to various losses.Optimization of split application of N at
critical stage of plant growth by synchronizing with the controlled release N fertilizers are
the approaches being suggested for improving the nitrogen use efficiency (Reddy et al.,
1986).
Discussion on interaction effect between genotype and plant spacing

Interaction effect between genotype and plant spacing showed significant
influence on plant height ,dry matter accumulation, leaf area index ,crop growth rate
,panicle length and weight, test weight, gross return, net return and B:C ratio, energy use
efficiency, energy output input ratio, energy productivity, energy intensiveness and
production efficiency and these parameters were significantly highest under interaction
between RR12EN-11 x 20cm x10cm. The interaction between RR12EN-11 x 20cm x
10cm gave significantly highest K content in grain, but it was at par to RR14EN-7 x
20cm x 10cm during both the years, while K content in straw was recorded significantly

highest under interaction between RR12 EN-8 x 20cm x 10. The interaction between



114

RR12EN-11 x 20cmx10cm gave significantly higher grain yield, but it was at par to
interaction between RR12EN-11 x 15cmx10cm during both the years and on mean basis as
well as interaction between RRI12EN-7 x 15cmx10cm and RR12EN-8 x 15cm x10cm
during 2014.

Discussion on interaction effect between genotype and fertility levels

Interaction effect between genotype X fertility levels were found non-significant
for panicle weight ,grain panicle™ grain and straw yield, harvest index, root volume, grain
and straw nitrogen content ,gross returns, net return and B:C ratio. However, the
interaction effect between genotype X fertility levels for N content was found signitant for
N grain and straw, where it was noted that interaction between RR12EN-11X 120:60:40
(N:P20s5:K,0 kg ha'l) in case of N content in grain, while interaction between RR 14 EN-7
X 120:60:40 (N:P,0s:K,0 kg ha™). In case of N content in straw recorded the highest
values. Many researches on nutrient and crop management are taking separately that the
interacting effects and the combination of nutrient and crop management for healthy
canopy are not always achieved. Proper selection of a variety and appropriate nutrient
management are important in organic rice production (Manjunath et al., 2009). A number
of organic waste materials are available, which can supply a good amount of plant
nutrients, NPK to produce comparable yield (Ghosh, 2005). Maximum uptake of nitrogen,
phosphorus and potassium were noticed by the rice and it was significantly superior to rest
of the treatments. Nutrient uptake by red rice is the function of crop yield and nutrient
content. The results are in conformity with the findings of Debjani et al. (2009).
Discussion on interaction effect between plant spacing and fertility levels

Interaction effect of plant spacing and fertility levels showed significant influence
on panicle length, number of grains panicle™ and grain yield. Plant height, number of
effective tillers hill"* and 1000 grain weight were not found significant due to interaction
between plant spacing and nitrogen fertilizer. It was evident that significantly the longest
panicle (25.39cm) was obtained from interaction between 20 cm x 10 cm with 120 kg N
ha®. The maximum number of grains panicle’ (112.50) was obtained by interaction

between 20cm x 10cm spacing with 120 kg N ha™, which was significantly higher than
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other treatment combinations. Grain yield increased with increasing level of nitrogen up to
120 kg N ha™ irrespective of plant spacing. The spacing 20cm x 10cm accompanied with
120 kg N ha™ gave the highest yield (4.3 t ha™).The remarked increase in the grain yield
of rice a higher plant density as well as higher nitrogen application normally led to a higher
plant height because of competition for light. In the high density rice field, individual plant
trends to prolong their culm to get light. As a result, plant height of the rice crops is more.
Short stature reduces the susceptibility to lodging and increases the harvest index.

Discussion on micronutrient content
Significantly highest zinc content during both the years and on mean basis was

registered under genotype RR14EN-8, but it was at par with RR14EN-7 during 2013.
Further, spacing of 20cm x10cm and fertility level of 20:60:40 (N:P,0s:K;0 kg ha™)
recorded significantly highest zinc content during both the years and on mean basis. The
interaction between genotypes x spacing under RR14EN-8 x 20cm x 10 cm and interaction
between genotype x fertility levels under RR14EN-8 x 120:60:40 (N:P,0s:K,0 kg ha™)
gave significantly highest value of zinc content during both the years and on mean basis.
More over, highest iron content was registered under genotype RR14EN-8, which was at
par to RR14EN-7 during 2014 and on mean basis. The spacing of 20cm x10cm recorded
significantly highest iron content while, fertility levels was found non significant during
both the years and on mean basis. The interaction effect of genotypes x fertility levels
recorded that interaction between RR14EN-8 x 120:60:40 (N:P,0s:K,0 kg ha™) recorded
significantly highest iron content during both the years and on mean basis. Iron and zinc
are very important limiting trace minerals in rice grains. Enhancing or finding out rice
genotypes having higher content of these two minerals are thrust areas of many rice
research workers. Rice usually has up to 10 ppm iron and 15 pmm zinc in its kernel. The
International Rice Research, Philippines, developed the rice variety, IR68144 which has 20
ppm iron and 34 ppm zinc. Their human trial should increased level of ferrtin in the blood
of the anemic subjects (Annual report, IRRI).Ahmed et al. (1998) reported the crude
protein content of nine aromatic rice cultivars ranged from 9.17 to 11.77% and iron content
from 1.5 to 5.0 mg/1000g.
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Plate No.1: Photo graphs of red rice during kharif 2013
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Plate No.2: Photo graphs of red rice during kharif 2014
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Discussion on economics
Significantly highest gross return was registered under treatment genotype RR12EN-

11 and fertility level of 120:60:40 (N:P,0s:K,O kg ha™). The interaction between
RR12EN-11 x 20cm x10 cm had significantly highest gross return during both the years
and on mean basis. Significantly highest net return was registered under genotype
RR12EN-11, fertility levels of 120:60:40 (N:P,Os:K,0 kg ha™) and spacing of 15cm x
10cm during both the years and on mean basis. The interaction between RR12EN-11x
20cm x10cm gave significantly highest net return during both the years and on mean basis.
Further, the interaction effect of genotype x fertility levels, spacing x fertility levels and
genotype x spacing x fertility levels were found non significant B: C ratio was registered
significantly highest under genotype RR12EN-11 and fertility level of 120:60:40
(N:P,05:K,0kgh™) during both the years and on mean basis while, spacing 15cm x10cm
recorded significantly highest B: C ratio during 2014 and on mean basis. The interaction
between RR12 EN-11x 20 cmx 10cm recorded significantly highest B: C ratio during both
the years and on mean basis. This was the confirmation of economics in closer spacing as
reported by Azad et al. (1995).

Experiment No. Il : Grain yield and nutrient uptake of red rice as influenced by

integrated use of inorganic, organic and micro nutrients

4.2.1 Growth Parameters

4.2.1.1 Plant height (cm)

The red rice variety RR 12 EN-11 was tested under integrated use of inorganic,
organic and micro nutrients. The plant height at different intervals significantly affected
due to various treatments Table 4.2.1. At 30 DAT, significantly taller plant of red rice was
observed under the treatment N120PgoKso (T2) as compared to others during both the years
as well as on mean basis, excepting the treatment of NgoPsoKsotZn +S;+B (T11) during
2014. At 60 and 90 DAT, treatment of N120PgoKeo (T4) FYMs; produced significantly taller
plant as compared to others, however it was at par to the treatment of NgoPeoKso+Zn + S,

+B (T11) at 90 DAT during both the years as well as on mean basis .
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4.2.1.2 Dry matter accumulation (g hill™)

The data on dry matter accumulation recorded at 30, 60 and 90 DAT as influenced
by integrated use of inorganic, organic and micro nutrients are presented in Table 4.2.2. At
30 DAT, in year 2013, treatment N120PgoKso FYMs; (T4) produced the highest dry matter
accumulation, which was at par with the treatment N1,0PgoKeo (T2), while in year 2014 and
on mean basis, treatment NixPgoKeso (T2) gave significantly higher dry matter
accumulation than others, treatments except Ni20PgoKeo FYMs; (T4). At 60 and 90 DAT,
treatment Ni2oPsoKeo FYMs; (T4) produced significantly higher dry matter accumulation
than that of others treatment, with the treatment of which was at par N120PgoKeo (T2) at 60
DAT during both the years and on mean basis.
4.2.1.3 Leaf area index (LAI)

The data on leaf area index recorded at 30,60 and 90 DAT are presented in Table
4.2.3. In general, the leaf area index showed increasing trend from 30 DAT to 90 DAT in
all the treatments. At 30 and 60 DAT, significantly higher leaf area index was registered
under the treatment of NgoPgoKso+Zn +S1.B (T11) as compared to others during both the
years as well as on mean basis, but it was at par with the treatments of N120PgoKeo FYMs;
(T4), NgoPesoKao+Zn (Ts), NgoPeolao +S; (Te) and NgoPeoKao) +B (T7) at 30 DAT in year
2013 and treatment Ni20PgoKeoFYMs: (T4) during 2014 and on mean basis. At 90 DAT,
treatment N120PgoKso FYMs: (T4) gave significantly higher LAI than others excepting the
treatment of NgoPgoKso+Zn+Si+B (T11) during both the years and on mean basis and
treatment N120PgoKeo (T2) during 2013.
4.2.1.4 Crop growth rate (g hill"* day™)

The crop growth rate computed at 0- 30, 30-60 and 60-90 DAT are presented Table
4.2.4. In general, the crop growth rate increased from 0- 30 to 30-60 and thereafter, it
declined at 60-90 DAT. At 0-30 DAT, in year 2013, treatment N120PgoKeo FYMs: (T4)
gave the highest CGR followed by treatments of Ni20PgoKso (T2), NgoPeoKaotS, (Té),
NgoPsoKao+B (T7), NgoPeoKao+Zn+S; (Ts),NsoPeoKao+Blo+S) (T10) and NgoPeoKao+Zn
+S1+B(T11), while in year 2014 treatment NgoPgoKso+Zn +Si+B (T11) gave significantly the
highest CGR followed by NgoPsoKao FYMs; (T3), N12oPgoKeo FYMs; (T4) , NgoPsoKaotS)
(Te) and NgoPgoKao+tB+S; (T10). On mean basis, treatment NixoPgoKso FYMs: (74) gave
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significantly highest CGR which was at par with treatments N120PgoKso (T2), NgoPsoKao
FYMs; (T3), NgoPeoKao+S (Te), NeoPeoKao+B10+S; (T10)and NgoPsoKao+Zn +S+B (T11). At
30-60DAT , the CGR was registered significantly highest with treatment Ni20PgoKeo
FYMs; (T4) during 2013, but during 2014 and on mean basis, treatment Ni20PgoKeo (T2)
gave significantly higher CGR than others which was at par to treatment N12oPgoKgo FY Ms;
(T4). At 60-90 DAT, treatment N120PgoKeo FYMs: (T4) gave the highest CGR followed by
NgoPsoKa0+B+S, (T10) during both the years as well as on mean basis.

4.2.1.5 Relative growth rate (g g™ hill"* day™)

The data on relative growth rate (RGR) computed at 0- 30,30-60 and 60-90 DAT
are presented Table 4.2.5. It was observed that relative crop growth rate declined with
advancement of crop age. The data revealed that at early ( 0- 30 DAT) and later stages( 60-
90DAT) the relative growth rate were found non- significant due to different treatments of
integrated use of inorganic, organic and micro nutrients, but at mid stage (30-60 DAT),
during 2013 treatment N120Ps0Keo FYMs; (T4) gave significantly the highest RGR, which
was at par with treatment N1,0PsoKeso (T2) during 2013 where as during 2014 and on mean
basis treatment N120Pg0Kgo (T2) gave significantly the highest RGR, which was at par with
the treatment of N120PgoKeo FYMs; (T4).

4.2.2 Root Volume, Yield Attributes and Yield
4.2.2.1 Root volume (cc)

The data on root volume (cc) of red rice as influenced by integrated use of
inorganic, organic and micro nutrients are presented in Table 4.2.6. Significantly highest
root volume was registered during both the years and on mean basis under treatment
NgoPsoKaot+Zn +Si+B (T11) excepting with treatment of NgoPeoKao+Zn + B (Tg) during year
2014.
4.2.2.2 Effective tillers (No. hill %)

The on effective tillers hill * significantly affected by integrated use of inorganic,
organic and micro nutrients (Table 4.2.6). Significantly highest number of effective tillers
hill *in year 2013 and on mean basis was obtained with treatment NgoPgoKag+Zn +S,+B
(T11) which was at par with the treatment of NioPg0Keo FYMs; (T4). In the year 2014

noticed significantly highest number of effective tillers hill* was noticed under the
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treatment Ni20PgsoKeo FYMs; (T4), which was at par with the treatment of NgoPsoKaotZn
+Si+B (T11).
4.2.2.3 Panicle length (cm)

The data on panicle length of red rice as influenced by integrated use of inorganic,
organic and micro nutrients are presented in Table 4.2.6. Significantly longest panicle was
registered with treatment N120PsoKeo FYMs; (T4) during both the years and on mean basis
which was at par with the treatment of NgoPsoKso+Zn +S1+B(T11) and NixoPsoKeo (T2)
during 2014.
4.2.2.4 Panicle weight (g)

The data on panicle weight of red rice was significantly influenced by integrated
use of inorganic, organic and micro nutrients (Table 4.2.7). The significantly highest
panicle weight was registered with the treatment of NgoPgoKst+Zn +Si+B (T11) as
compared to others treatments during both the years and on mean basis. The treatments of
N120PsoKso (T2), NeoPsoKao FYMst (T3), Ni2oPsoKeo FYMs; Ts), NeoPeoKag+Zn +S; (Ts) and
NgoPsoKao+Zn +B (Tg) 2013, treatments N120PgoKeo (T2) and Ni2oPgoKeo FYMs; (T4) during
2014 and on mean values were statistically similar to that of NgoPgoKsotZn +S;+B (T11).
4.2.2.5 Grains panicle™ (No)

The data on number of grains panicle® of red rice significantly affected by
integrated use of inorganic, organic and micro nutrients (Table 4.2.7). The significantly
highest number of grains panicle™ was registered under the treatment of NgoPgoKag+Znas
+SI+B1g ha’(T11) during both the years and on mean basis which was on par with the
treatment of N120PsoKeo FYMS5t hat (T4) in year 2013 and on mean basis.
4.2.2.6 Test weight (g)

The test weight of red rice was significantly influenced by integrated use of
inorganic, organic and micro nutrients (Table 4.2.7). The highest test weight was registered
under the treatment of NgoPgoKao+Zn +S,+B (T11) as compared to others treatments, which
was at par with the treatments N120PsoKeo (T2) and Ni20PsoKeo FYMs; (T4) during both the
years and on mean basis. The treatment of NgoPsoKso+S, (Ts) also produced similar test
weight to that of NgoPgoKaso+Zn +S,+B (T11) during 2014.
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Discussion on growth and yield attributes and root volume

The data on growth and yield attributes revealed that integrated use of inorganic,
organic and micronutrients significantly affected plant height, dry matter accumulation,
leaf area index, number effective tillers hill™, panicle length, panicle weight, test weight
and total grain panicle’. At most of stages application of NisPgoKeo +FYMs; (T4)
produced taller plant as compared to others treatments, however it was at par to the
treatment NgoPeoKgotZn +Si+B (T11) during both the years as well as on mean basis. The
soil was in general low in available, N, P and K and the availability of these nutrients
through inorganic and organic sources enhanced the Culm length and finally plant height.
Application of Ni0PgoKeot FYMs; (T4) produced the highest dry matter accumulation
which was at par with the treatment of N120PgoKeo (T2) during both the years and on mean
basis. The dry matter accumulation is the function of number of tillers and leaves, plant
height and tillers panicle weight. The release of nutrients while application of said sources
and levels and its observation, translocation and conversion of energy for growing parts
helped to increase the dry matter accumulation. The crop growth rate followed all most
similar trend to that of dry matter accumulation, while its reverse trend was notices for
relative crop growth rate. Further, treatment Ni20PgoKeo FYMs: (T4) gave significantly
highest CGR but it was at par with treatments NioPgoKeo (T2), NgoPsoKaot+Si (Té),
NgoPsoKao+tB (T7), NaoPeoKao+Zn +S; (Tg), NgoPeoKao+B+ S; (T10)and NgoPeoKaot+Zn + S,
+B (T11) .Significantly longest panicle was registered with treatment Ni,0PgoKeo FYMs;
(T4) during both the years and on mean basis , while treatment NgoPgoKso+Zn + S; +B (T11)
was at par during the year 2014 and mean basis. These result corroborate with those
reported by Belder et al. (2005) and Sathiya and Ramesh (2009). Awan et al. (2000) and
Shanmugam and Veeraputhran (2001) they also reported beneficial effects of FYM
application on growth, yield parameters and yield of rice. Either, use of macro and micro
nutrients or FYM the release of organic acids and other microbial products through the
mineralization of organic matter might have influence the availability of all these essential
nutrient and resulted on better growth and yield attributing characters (Katyal et al., 2003) .

Leaf area index, root volume (cc), highest number of effective tillers hill * panicle

weight, highest number of grains panicle® and test weight was registered under
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treatment NgoPsoKaotZn + S; +B (T11) during both the years and on mean basis but, it was
at par with treatment Ni20PgoKeo FYMs: (T4) . The higher growth, yield attributes and
yield under NPK+Zn+S; treatment may be due to the combined effect of both Zn and S;
which might have triggered the overall growth of the crop. Similar increase in growth and
yield of rice to zinc application were also observed by Chapale and Badole (1999) and
availability of other essential nutrients, which resulted in improvement of plant metabolic
process and finally increased the crop growth These results are in accordance with Naik
and Das (2007) who reported that adequate supply of zinc produced more number of
productive tillers per m™.These findings are in line with the results of Magsood et al. 1999
and Naik and Das (2007), who reported that the application of zinc, kernels per panicle
was increased. These results are in line with the findings of Jin et al. (2008) who reported
that soil application of zinc increased paddy yield.

Boron is a micronutrient essential for normal healthy plant growth and
development of reproductive tissues. The sodium salts of B are reasonably soluble and
hence are used widely. Boron application significantly increased the growth and yield of
rice by crushing the number of tillers, panicles, grains and its weight. Fertilizer application
also increased in the content of plant tissue. Application of Zn, S amd B improved crop
growth and yield of rice reported by Singh et al. (2008), Khurana et al., (2008) and Singh
and Bansal (2010). Batter performance under higher level of N in respect of yield attributes
of rice under aerobic culture confirms the findings of Maheswari et al. (2007). Bouman et
al., (2006) using different N levels, which was due to enhanced of yield attributes, forming
larger sink size coupled with efficient translocation of photosynthates to the sink. There is
evidence from field research that high and sustainable yields are possible integrated with
fertilizers and manure. Farmyard manure is a heterogeneous composted organic material
comprising of dung, crop residue, and or sweeping in the various stages of decomposition
on growth, yield and yield of red rice.
4.2.2.7 Grain yield (q ha™)

The data on rice grain yield of red rice as influenced by integrated use of inorganic,
organic and micro nutrients are presented in Table 4.2.8. The significantly highest rice

grain yield was registered under treatment NgoPeoK4o+Zn +S,+B (T11) during both the years
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and on mean basis but, it was at par with treatment N12oPgoKeo FYM5t ha™ (T,) during year
2013 and mean basis.
4.2.2.8 Straw yield (q ha™) and harvest index

The straw yield of red rice was significantly affected by integrated use of inorganic,
organic and micro nutrients are presented in Table 4.2.8. Significantly highest rice straw
yield during both the years and on mean basis was registered under the treatment of
N120PsoKeo FYMs; (T4) over rest of treatments, but it was at par with treatments of
NgoPsoKao+Zn+B (Tg) and NgoPgoKso+Zn +S,+B (T11) during 2013 and on mean basis and
treatments NgoPsoKao (T2) and NgoPgoKao+B+S, (T10) during 2014. On the other hand
harvest index of red rice found to be Non significant.
Discussion on yield and harvest index

Significantly highest rice grain yield (54.9 gha™) was registered under treatment
NgoPsoKsot+Zn+ S, +B (11) during both the years and on mean basis but, it was on par with
the treatment of Nix0PgoKeo +FYMs: (T4) during year 2013 and mean basis. Increasing
levels of nutrients probably exerted a positive effect on the development of source and sink
strength of the plants, which ultimately resulted in the higher yield attributing traits. This
might be due to either direct or cumulative effect of supplied macro and micro nutrients on
metabolic processes of rice. Availability of nutrients, especially the micro nutrients at
optimum level has direct impact on accelerated cell division and enlargement, root growth
and plant vigor. Use of NPK along with application of S; B, and Zn results in significantly
larger and higher panicles m? having higher and heavier grains, which have positive
correction with grain yield. Similar results were also reported by Shinde et al. (2005),
Misra and Abidi (2006), Zhang et al. (2006), Gill (2006), Mubarak and Bhattacharya
(2006) and Rui et al. (2007). Boron and zinc are known to influence translocation of
metabolites and improving sink strength in plants. Zinc is constituent of several enzymes
namely carbonic anhydrase, tryptophan synthetase, alcohol dehydrogenase etc. which are
responsible for better photosynthesis and auxin metabolism directly affecting source
strength leading to better tillering, growth, yield attributing characters like panicle number,

grain number and weight, which ultimately increased crop growth and yield of red rice.
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Similar finding was also reported by Singh et al. (2008), Khurana et al. (2008) and Singh
and Bansal (2010).

Total biomass production of rice is determined mainly by crop photosynthesis and
respiration losses, both of which are sensitive to temperature (Horie et al., 1994).Gill
(2006) also advocated the use of balanced site specific nutrient management in
combination with micronutrients, which may break the cereal yield barrier with an
advantage of 3-4 t ha™* annum™ more yields of rice and wheat. While highest rice straw
yield during both the years and on mean basis was registered under treatment N120PgoKseo
FYMs; over rest of treatments, but it was at par with treatmentsNgoPgoKso+ZNn+B (Tg)and
NgoPsoKao+Zn + S; +B (T11) during 2013 and on mean basis and treatments NgoPeoKao (T2)
and NgoPsoKsotB+ S; (Ty0) during 2014. The data on harvest index was found non-
significant differences were noticed in both years as well as on mean basis. Organic
manures regulated supply of N by releasing it slowly resulting in increased yield of rice
Similar results were obtained by Sharma (2002).The high rice yield due to zinc is attributed
to its involvement in many metallic enzymes system, regulatory function and auxin
production Hacisalihoglu et al., (2002), enhanced synthesis of carbohydrates and their
transport to the site of grain production. Slaton et al. (2005) observed 12 to 18% increase in
rice yield due to zinc fertilization application and could be ascribed to variation in the root
zone in applied zinc and their role in the growth and development of plant .

Slaton et al. (2005)reported that application of zinc significantlyaffected total number
of tillers Number of panicle bearing tillers m™ contributes towards theproduction potential of
rice crop. Increase in productive tillers m™ could be ascribed to adequateupply of zinc that
had increased the uptake. The integrated nutrient supply system is the most logical concept
for managing long-term soil fertility and productivity Ramesh et al., (2009), Use of
chemical fertilizers and organic manures has been found promising in arresting the decline
trend in soil-health and productivity through the correction of marginal deficiencies of
some secondary and micro-nutrient, micro and fauna and their beneficial influence on
physical and biological properties of soil. Integrated nutrient management system can
bring about equilibrium between degenerative and restorative activities in the soil eco-

system (Upadhyay et al., 2011). The manurial treatment might have improved soil
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environment, encouraged root proliferation and root surface absorption zone, which in
turn, drew more water and nutrients, In addition to the major nutrients from organic
sources, the contribution of other macro and micro nutrients for enhancing the crop yield
cannot be ruled out. The Increase in organic carbon content due to use of chemical
fertilizer, direct incorporation of organic matter through FYM can be attributed to higher
contribution of biomass to the soil in the form of better root growth, crop residues and
biomass (Katyal et al., 2003 and Ghathala et al., 2007). Yaduvanshi (2003) also reported
that 100% NPK + FYM (10 t/ha) significantly increased the grain yield in comparison to
150% NPK. However, due to said reason yield has been increased under the treatments
where inorganic and FY M was applied.

4.2.3 Nutrient Content

4.2.3.1 N content in grain and straw (%)

The data on N content in grain and straw of red rice as influenced by integrated use
of inorganic, organic and micro nutrients are presented in Table 4.2.9. Significantly highest
N content in grain and straw was registered under the treatment of N120PgoKeo FYMs; (T4)
which was superior over rest of the treatments during both the years and on mean basis.
4.2. 3.2 P content in grain and straw (%)

The data on P content in grain and straw of red rice significantly affected by by
integrated use of inorganic, organic and micro nutrients (Table 4.2.10). The highest P
content in grain and straw during both the years and on mean basis was noted under
treatment N120PgoKeo FYMs: (T4),which was significanlty superior than other treatment
except NgoPsoKaot Zn +B (Tg) during 2013 in case of p content in straw .

4.2. 3.3 K content in grain and straw (%bo)

The data on K content in grain and straw of red rice as influenced by integrated use
of inorganic, organic and micro nutrients (Table 4.2.11). The highest K content in grain
and straw during both the years and on mean basis was registered under the treatment of

NgoPsoKao+FYMs; (T3) which was significantly superior over rest of the treatments.
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4.2. 3.4 Zinc content in grain (ppm)

The data on zinc content (ppm) in grain of red rice was significantly affected by
integrated use of inorganic, organic and micro nutrients (Table 4.2.12). The significantly
highest zinc content (ppm) was registered under the treatment of N 150:Pg0:K 6o (T2) during
both the years and on mean basis, but it was at par with the treatments of N120Pg0Ksgo
FYMs: (T4), NgoPsoKao+Zn (Ts), NaoPsoKao+S (Ts) and NgoPeoKao +B (T7) during 2014 and
treatment of NgoPsoKao) + B (T7) on mean basis.

4.2. 3.5 Iron content in grain (ppm)

The data on iron content (ppm) in grain of red rice as influenced by as influenced
by integrated use of inorganic, organic and micro nutrients (Table 4.2.12). The
significantly highest iron content was registered under the treatment of NgoPgoKsotZn (Ts)
during 2013 and on mean basis, but it was at par with the treatment of N 120:Pgo:K 60 (T2).
During 2014 significant different among the treatment was not observed for iron content in
grain.

4.2. 4 N, P and K uptake by red rice
4.2.4.1 N uptake (kg ha)

The data on N uptake in grain, straw and in their total as influenced by integrated
use of inorganic, organic and micro nutrients are presented in Table 4.2.13. Significantly
highest N uptake in grain, straw and also in total N uptake was noticed under the treatment
of N120PsoKeo FYMs; (T4) which was significantly superior over rest of treatments during
both the years and on mean basis.
4.2.4.2 P uptake (kg ha™)

The P uptake in grain, straw and in their total was significantly influenced by
integrated use of inorganic, organic and micro nutrients are presented in Table 4.2. 14.
Significantly the highest P uptake in grain, straw and in their total was obtained under the
treatment of N120PgoKso FYMs; (T4) during both the years and mean basis, but it was at par
with the treatments of NgoPsoKsotZn + B (Tg) and NgoPeoKaotZn +Si+B (Ty11) in straw
during 2014 as well as treatment NgoPsoKso+Zn +Si+B (T11) in case of their total uptake
during 2014.
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4.2.4.3 K uptake (kg ha™)

The data on K uptake in grain, straw and in their total was significantly affected by
integrated use of inorganic, organic and micro nutrients (Table 4.2.15). Significantly the
highest K uptake in grain was observed under the treatment of NgoPsoKsg FYMs; (T3)
during both the years and on mean basis, but it was at par with the treatment of
NgoPsoKaotZn +S+B (T11) during 2013 and 2014 .While, K uptake in straw was
significantly the highest with treatment of NgoPsoKsot+Zn +S+B (T11) during both the
years and on mean basis, but it was at par with the treatments N120PgoKgo FYMs; (T4) and
NgoPsoKao+Zn + B (T ) during 2013 and 2014 as well as treatment NgoPgoKso+Zn +S; (Tg)
during 2014.The total K uptake was significantly superior under the treatment
NgoPsoKao+Zn +S1+B (T11) during both the years and on mean basis, but it was at par
with treatments Ni20PgoKso FYMs; (T4) during both the years as well as mean basis ,
treatment NgoPeoKao FYMs;: (T3) during 2013, treatment NgoPeoKao+Zn +B (Tg) during
2013 and 2014 treatment NgoPgoKao+S+B(T1o) during 2014.

Discussion on nutrient concentration and uptake

Significantly highest N and P content during both the years and on mean basis in
grain and straw was registered under treatment NixoPgoKso FYMs; (T4). Significantly
highest K content in grain and straw during both the years and on mean basis was
registered under treatment NgoPgsoKao+FY Ms; (T3) over rest of the treatments. Significantly
highest zinc content (ppm) was registered with treatment N 120Pg:K 0 (T2) during both the
years and on mean basis, but it was at par with treatments NixoPgoKso FYMst (T4),
NgoPsoKao+Zn (Ts), NgoPsoKaot+S) (Ts) and NgoPeoKao) + B (T7) during 2014 and treatment
NsgoPsoKao) + B (T7) on mean basis. Significantly highest iron content (ppm) was registered
under treatment NgoPgoKso+Zn (Ts) during 2013 and on mean basis ,but it was at par with
treatment N 120:Pgo:K 60 (T2). The application of nutrients under said treatments, enable the
plant for better absorption due to readily available form and their translocation and
mobilization in productive parts enhanced the concentration of above nutrients in grain and
straw. The highest N uptake in grain, straw and in their total was noticed under treatment

N120PsoKeo +FYMs; (T4) over rest of treatments during both the years and on mean basis.
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The P uptake in grain, straw and in their total was under treatment N120PgoKeo FYMs: (T4)
during both the years and mean basis. Significantly highest K uptake in grain was observed
with treatment NgoPgoKao FYMs; (T3) during both the years and on mean basis. However, K
uptake in straw was significantly highest with treatment NgoPeoKsotZn +S,+ B (T11) during
both the years and on mean basis .The total K uptake was significantly highest under
treatment NgoPeoKao+Zn +S,+B (T11) during both the years and on mean basis .The uptake
is the function of dry matter production and concentration of nutrients in plants. However,
treatments received inorganic source of nutrients in addition to FYM are micro nutrients
enhanced the uptake of N, P and K and grain and straw offer more balanced nutrition to be
plants especially secondary and micro nutrients (Rakshit et al., 2008). The yield attributing
characters viz. plant height, number of panicles™, panicle length, grains panicle™ and test
weight increased with higher doses of NPK along with use of S, B and Zn as compared to
control. The application of Zn, B and S also influenced yield attributes of rice positively
during both the years and if omitted, a notable reduction was observed in yield. Farmyard
manure helps in improving soil organic matter content, water-holding capacity, nutrient
exchange and maintains soil health (Khan et al, 2010; Tadesse et al., 2013). Nutrient
uptake values in rice indicates that addition of FYM to inorganic fertilizer enhances the
treatments Sharma and Bali (2001) confirmed that nutrient uptake (N, P and K) values
were of higher order in FYM treated plots and these further improves with graded levels of
nutrient application. Yadav et al. (2002) corroborate the similar finding, under rice-wheat
cropping sequence. Judicious use of chemical fertilizers in combination with organic
manures is required to improve the soil health as well as to achieve sustainable production.
This might be attributed to improved soil physical condition and higher availability of
macro- and micro-nutrients with the addition of FYM. There was improvement in organic
carbon reserve, soil N, P and K in all the combination of organic manure from their initial
values except control. The increase in organic carbon content of the soil with the
application of organic manure has also reported by Banwasi and Bajpai (2006). The higher
biomass and yields has enhanced nutrient uptake.
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4.2.5 Quality Parameters
4.2.5.1 Head rice recovery of paddy

The data on head rice recovery of red rice as influenced by integrated use of
inorganic, organic and micro nutrients are presented in Table 4.2.17. Significantly highest
head rice recovery was registered with treatment NgoPgoKso+Zn +Si+B (T11) which was
significantly superior over other treatments during both the years and on mean basis, but it
was at par with treatments Ni20PgoKeo (T2), Ni20PsoKeo FYMs; (T4), NgoPsoKaotB (T7),
NgoPeoKao+Zn +S; (Ts), NaoPsoKao + Zn +B (Ty) and NgoPsoKao+B1o+S) (T10) during 2014,
4.2.5.2 Length, breadth and L/B ratio of paddy

Data pertaining length, breadth and L/B ratio of red rice as influenced by integrated
use of inorganic, organic and micro nutrients during both the years and on mean basis are
presented in Table 4.3.16. The application of Ni20PgoKey FYMs: (T4) registered
significantly longer paddy length and L/B ratio over other treatments during both the years
and on mean basis. Whereas breadth of paddy was significantly highest under treatment
NgoPsoKao+B10+S) (T10) which was at par with treatments NgoPsoKaso+Zn+ S; (Tg) and
NgoPsoKaot+ Zn +B(Tg) during 2013 and on mean basis as well as NgoPsoK4o+S) (Ts)and
NgoPsoKao+B (T7) during 2013 and treatment NgoPeoKso+Zn +S;+B (T11) on mean basis.
But during 2014, breadth of paddy significantly highest under treatment NgoPgoKao+Zn + S
+B (Tp).
Discussion on quality Parameters

Significantly longer paddy length and L/B ratio was registered under treatment
N120PsoKeo FYMs;: (T4) over other treatments during both the years and on mean basis.
Whereas breadth of paddy was significantly highest under treatment NgoPeoKsotBiot+S,
(T10) which was at par with treatments NgoPgoKao+Zn+S; (Tg) and NgoPsoKao+ Zn +B (To)
at most of recorded period. This might be due to either direct or cumulative effect of
supplied macro and micro nutrients on metabolic processes of rice. Application of zinc is
significantly affected total number of tillers, number ofpanicle bearing tillers, panicle length,
number of branches per panicle and number of kernels panicle™ and other qualiy parameters.

Food crops grown using organic inputs having less or no chemicals are being preferred
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over conventionally produced food by the end users. Food market in developed and
developing countries Urkurkar et al.,( 2010). Scientists and policy-planners are, therefore,
reassessing agricultural practices, which relied more on biological inputs rather than heavy
usage of chemical fertilizers and pesticides. Yadav et al. (2013) reported that the organic
production systems maintain and improve the soil health through stimulating the activity of
soil organisms.

4.2.6 Economics

4.2.6.1 Gross return (000 Rs ha™)

The data on gross return of red rice are presented in (Table 4.2.18). The highest
gross return during both the years and on mean basis was registered under the treatment of
NgoPeoKso+Zn +S; +B (T11), which was at par with treatments NioPgoKeo FYMs; (T4)
during 2013 and on mean basis.
4.2.6.2 Net return (000 Rs ha™)

The data on net return of red rice as influenced by integrated use of inorganic,
organic and micro nutrients are presented in Table 4.2.18. Significantly highest net return
was registered during 2013 under treatment N120PgoKeo FYMs; (T4), but it was at par with
treatments N120PgoKgo (T2), NgoPsoKaot+ Zn (Ts), NgoPeoKaot+ Zn +B (To) and NggPgoKao+Zn
+S1+B (T11). Whereas during 2014 whereas, on mean basis significantly highest net return
was observed under treatment NgoPsoKsotZn +S,+B (T11) ,but it was at par with treatments
N120Ps0Keo FYMst (T4) and NgoPsoKaot+ Zn +B (To).
4.2.6.3 B: C ratio (000 Rs ha™)

The data on B: C ratio of red rice significantly affected by integrated use of
inorganic, organic and micro nutrients (Table 4.2.17). The highest B:C ratio in year 2013
and on mean basis was registered with treatment of NiPgoKso (T2) which was
significantly superior over rest of treatments expect the treatments of NgoPgoKso+Zn (T5),
NgoPsoKao+B (T7) and NgoPgoKsot+ Zn +B (Ty). During 2014, treatment of NggPgoKso+Zn
(Ts) gave the maximum B: C ratio followed by Ni20PgoKeo (T2), NgoPeoKao+B (T7) and
NgoPsoKao+ Zn +B (Tg).
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4.2.7 Energetics
4.2.7 .1 Energy use efficiency (qMJ*x107%)

The data on energy use efficiency of red rice as influenced by integrated use of
inorganic, organic and micro nutrients are presented in Table 4.2.19. The highest energy
use efficiency during both the years and on mean basis was registered with treatment
NgoPsoKao+Zn +S,+B1g (T11) but at par with treatmentsNgoPgoKao+Zn (Ts), NgoPsoKaot+S)
(Te),NaoPeoKao+ B (T7), NaoPeoKaotZn +S (Tg), NgoPeoKs + Zn +B (Tg) and
NgoPsoKao+B+S, (T1) during 2013, while treatments NgoPeoKs+ Zn +B (Tg) and
NgoPsoKa0+B+S, (T10) during 2014 and on mean basis .

4.2.7 .2 Energy output input ratio

The data on energy output input ratio of red rice as influenced by integrated use of
inorganic, organic and micro nutrients are presented in Table 4.2.19. The highest energy
output input ratio was registered with treatment NgoPgoK4o+Zn +SI+B (T11) during both the
years and on mean basis, but it was at par with treatments NgoPsoKsotZn
(Ts5),NgoPeoKao+S; (Ts),NgoPeoKao+B 10 (T7), NeoPeoKao+Zn +S; (Ts), NgoPeoKaso+ Zn +B
(To) and NgoPgoKao+B+S, (T1o) during year 2013, while treatment NgoPgoKao+B+S; (T1p) in
year 2014 and treatments NgoPgoKsot+ Zn +B (Tg) and NgoPeoKao+B+S, (T10) on mean
basis.
4.2.7.3 Energy productivity (g MJ ha™)

The data on energy productivity of red rice as influenced by integrated use of
inorganic, organic and micro nutrients are presented in Table 4.2.19. Significantly highest
energy productivity during both the years and on mean basis was registered under the
treatment NgoPgoKstZn +Si+B (T11) but it was at par with treatments NgoPgoKsot+Zn
(Ts5),NgoPeoKao+S; (Te),NgoPsoKao+B (T7), NgoPsoKao+Zn+S; (Ts), NeoPesoKao+ Zn +B (Ty)
and NgoPgoK4o+B+S, during 2013, and treatment NgoPsoKao+B+S (T10) during 2014 and
on mean basis as well as treatments NgoPsoKaotZn +S; (Tg) on mean basis.
4.2.7.4 Energy intensiveness (MJ Re™)

The data on energy of intensiveness of red rice as influenced by integrated use of

inorganic, organic and micro nutrients are presented in Table 4.2.20. Significantly highest
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energy of intensiveness during both the years and on mean basis was registered under
treatment Ni20PgoKeo (T2) but it was at par with treatments NgoPsoKsotZn (Ts) and
NgoPsoKasot+ Zn +B (Tg) during both the years and on mean basis as well as treatment
NgoPsoKao+B (T7) during 2014.

4.2.7.2. Production efficiency (kg ha™ day™)

The data on production efficiency of red rice are presented (Table 4.2 20).
Significantly highest production efficiency was registered during both the years and on
mean basis under treatment NgoPgoKso+Zn +SI+B (T11) but it was at par with treatment
N120PgoKeo FYMs; (T4) during 2013 and on mean basis.

Discussion on economics, energetics and production efficiency

At most of data on production efficiency, energy use efficiency, energy output
input ratio and energy productivity revealed that red rice were highest during both the
years and on mean basis was registered with treatment NgoPeoKso+Zn +Si+B (T11) which
was at par with treatments N12oPgoKgso FYMst (T4) and NgoPsoKaot+S) (Te). While, energy
intensiveness in during both the years and on mean basis was registered with treatment
N120Ps0Kso (T2) which was at par with treatments NgoPeoKaotZn (Ts) and NgoPeoKaot Zn
+B (Tg) with additional treatment NgoPsoK40+B (T7) during the year 2014. Combination of
macro and micronutrients accelerate or in combination with organic source the growth and
yield attributes resulted in better efficiency. This confirms the finding of Kumar and
Prasad (2003).Maximum gross return during both the years and on mean basis was
registered with treatment NgoPgoKso+Zn +S;+B (T11) but at par with treatments N120PgoKgo
FYMs; (T4) during 2013 and on mean basis. Net return was registered during year2013
with treatment NixoPgoKeo FYMs: (T4) but at par with treatments NizoPgoKeo (T2),
NgoPsoKaot+ Zn (Ts), NgoPsoKaot+ Zn +B (Tg) and NgoPgoKaot+Zn +S;+B (T11). Further, in
year 2014 and on mean basis highest net return observed with treatment NgoPgoKao+Zn
+S+B (T11) but at par with treatments N12oPgoKgo FYMs; (T4) and NgoPsoKao+ Zn +B (To).
Highest B:C ratio in year 2013 and on mean basis was registered with treatment N1,0PgoKso
(T,) but at par with treatments NgoPgoKao+Zn ha™ (Ts), NgoPeoKao+B (T7) and NgoPgoKao+
Zn » +B10 ha' (Ty). Moreover in year 2014 treatment NgoPgoKasotZn (Ts) noticed

maximum B:C ratio but at par with treatments N1xPgoKeo ha™ (T2), NgoPeoKao+Bio ha™
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(T7) and NgoPeoKaot Zn 25 +Big ha™ (Tg). The effect of increased fertilizer use on crop
production has increased, but ever increasing cost of energy is a significant constraint for
increased use of inorganic fertilizers. Use of organic matter to meet the nutrient
requirement of crops will be an inevitable practice in years, especially for resource poor
farmers. Furthermore, ecological and environmental concerns over the increased and
indiscriminate use of organic fertilizers have made research of use of organic materials as a
source of nutrients very necessary. Satyanarayana et al., (2002) reported that recommended
dose of NPK along with 10 t FYM/ha produced an optimum grain yield and economic of
rice.

4.3 Experiment No. I11: Enhancement of productivity and quality of red rice through
organic and inorganic application of nutrients

4.3.1 Growth Parameters

4.3.1.1 Plant height (cm)

The data on plant height recorded at 30, 60 and 90 DAT are presented in Table
4.3.1. The application of N 120PsoKso | (T2) found significantly superior for producing
tallest plant of red rice at all the periods of observations during both the years as well as on
mean basis. Further, more on par plant height was recorded under the treatments of
N120Ps0Kao (25% O +75% 1) (T4) during 2013 at 30 DAT, on mean basis at 60 DAT and
during both the years and on mean basis at 90 DAT, treatment N120Pg0K40 (50% O +50% 1)
(Te ) during 2013 at 30 DAT and treatments Ngo P2oK30 (50% O +50 % 1) (Ts) and N of T,
applied through organics (O) + FS of N at T and PI stages (Tg) on mean basis at 60 DAT.
The shortest plant height was recorded under control at all the stages during the both years
and on mean basis.
4.3.1.2 Dry matter accumulation (g hill™)

The dry matter accumulation of red rice was determined at 30,60 and 90 DAT and data
are presented in Table 4.3.2. The dry matter accumulation was significantly influenced by
organic and inorganic application of nutrients .At all the growth periods of observations,
treatment N 120Ps0Kao (1) (T2) registered significantly highest dry matter accumulation
during both the years and mean basis. However, it was at par to treatment N120Pg0Kao (50%
O +50% 1) (Ts) during the both years and on mean basis at 60 DAT as well as treatment
N120PeoKa0 (25% O +75% 1) (T4), N of T applied through organics (O) + FS of N at T and
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Pl stages (T;) and N of T, applied through organics (O) + FS of N at T and PI stages (Ts)
during the both years and on mean basis at 90 DAT.
4.3.1.3 Leaf area index

The data on leaf area index was recorded at 30, 60 and 90 DAT and presented in
Table 4.3.3. The leaf area index increased from 30 DAT to 90 DAT. The rate of increase
(LAI) was more pronounce from 30 DAT to 60 DAT and declined thereafter from 60 DAT
to 90 DAT.

At 30 DAT, significantly the highest leaf area index was registered under treatment
of N120PsoKao (25% O +75% 1) (T4) during the both years and on mean basis , but it was at
par with N120PeoKao (50% O +50% 1) (T ) in year 2014. Further, at 60 DAT in year 2014,
significantly highest leaf area index was registered with treatment N of T, applied through
organics (O) + FS of N at T and PI stages (Tg) which was at par with treatment N g P4oK 30
(25% O +75% 1) (T3), N120PsoKao (25% O +75% 1) (T4) and Ngo P4oKso (50% O +50 % )
(Ts).Whereas on mean basis significantly highest leaf area index was recorded under
N120PsoKa0 (25% O +75% 1) (T4) which was at par with treatment N of T, applied through
organics (O) + FS of N at T and PI stages (Tg). Moreover, at 90 DAT during both years
and on mean basis, significantly highest leaf area index was recorded under Ni20PsoKao
(50% O +50% 1) (Ts) which was at par with treatments N12oPgoKao (25% O +75% 1) (T4)
and Ngo P40K30 (50% O +50 % 1) (Ts) and N of T applied through organics (O) + FS of N
at T and PI stages (T7) during 2013 and treatment N120PsoKao (25% O +75% 1) (T4) during
2014 and on mean basis.
4.3.1.4 Crop growth rate (g hill"* day™)

The crop growth rate computed at 0- 30, 30-60 and 60-90 DAT and presented in Table
4.3.4. In general, crop growth rate increased from 0- 30 to 60-90 DAT. At early crop
growth rate ( 0- 30 DAT),it was highest with the treatment of N120Pg0K40 (50% O +50% I)
(Te) which was significantly superior over rest of the treatments in both the years and on
mean basis. Moreover, at 30- 60 DAT in year 2014 and on mean basis the highest crop
growth rate was observed under the treatment of NixoPgoKao (50% O +50% 1) (Te) but it
was at par with treatment N of T, applied through organics (O) + FS of N at T and PI

stages ( Ty ) during 2014 and on mean basis and also where treatment N of T, applied
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through organics (O) + FS of N at T and Pl stages (T8) was given during 2014. During the

period 60- 90 DAT, treatment N of T, applied through organics (O) + FS of N at T and Pl

stages (T;) registered maximum crop growth rate during both the years and mean basis .

However, in year 2014 treatments N 120PeoKao (1) (T2), N120PeoKso (25% O +75% I)

N120Ps0Kao (25% O +75% 1) (T4), Neo P4oKzo (50% O +50 % 1) (Ts) and N of T, applied

through organics (O) + FS of N at T and Pl stages (T8) also recorded comparable values .
4.3.1.5 Relative growth rate (g g™ hill"* day™)

The data on relative growth rate computed at 0- 30, 30-60 and 60-90 DAT are
presented in Table 4.3.5. It was observed that relative crop growth rate declined with
advancement of crop age .The early relative growth rate (0- 30 DAT) was noticed highest
with treatment N of T, applied through organics (O) + FS of N at T and Pl stages ( T7)
,however it was at par with treatments NgoP4oKszo (1) (T1), N o PsoK 30 (25% O +75% 1)
(T3), N120PsoKao (50% O +50% 1) (Ts), N of T, applied through organics (O) + FSof Nat T
and Pl stages (Tg) and Control during 2014 and on mean basis. More over at 30- 60 DAT
treatment N 120PsoKao (1) (T2) gave significantly higher relative growth rate as compared to
others during both the years and mean basis. Further, at 60- 90 DAT, treatment N of T;
applied through organics (O) + FS of N at T and PI stages (T;) gave maximum relative
growth rate which was significantly higher than others, but it was at par to treatments
N120PsoKa0 (25% O +75% 1) (T,4) and N of T, applied through organics (O) + FSof Nat T
and Pl stages (Tg) in both the years as well as on mean basis.

4.3.2 Root volume, yield attributes and yield
4.3.2.1 Root volume (cc)

The data on root volume (cc) of red rice as influenced by organic and inorganic
application of nutrients are presented in Table 4.3.6. Significantly highest was registered
under the treatment of N120PgoKao (50% O +50% I) (Te) but it was at par with treatments
N120PsoKao (25% O +75% 1) (T4) during both the years and on mean basis as well as
treatment N of T, applied through organics (O) + FS of N at T and PI stages (Tsg) during
2013.
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4.3.2.2 Effective tillers (No .hill %)

The data on effective tillers hill * as influenced by organic and inorganic application of
nutrients are presented in Table 4.3.6. Significantly highest number of effective tillers hill -
! was obtained with treatment Ni2oPgoKao (50% O +50% 1) (Tg) during both the years as
well as on mean basis, but it was at par with treatment N120PsoKao (25% O +75% 1) (T4) in
year 2014 .

4.3.2. 3 Panicle length (cm)

The data on panicle length of red rice as influenced by organic and inorganic
application of nutrients are presented in Table 4.3.6. Significantly longest panicle was
registered with treatment N120PgoKso (50% O +50% | (Ts) during both the years as well as
on mean basis, but it was at par with treatment Ni20PeoKao (25% O +75% 1) (T4) in year
2013 and N of T, applied through organics (O) + FS of N at T and PI stages (Ts) during
2014 .
4.3.2.4 Panicle weight (g)

The data on panicle weight of red rice as influenced by organic and inorganic
application of nutrients are presented in Table 4.3.7. Significantly highest panicle weight
was registered with treatment Ni20PeoKao (50% O +50% 1) (Te) during both the years as
well as mean basis ,but it was at par with treatments N go P4oK 30 (25% O +75% 1) (T3),
N120PsoKao (25% O +75% 1) (Ts) , Neo PaoKszo (50% O +50 % 1) (Ts), N of T, applied
through organics (O) + FS of N at T and PI stages ( T;) and N of T, applied through
organics (O) + FS of N at T and PI stages (Tg) in year 2014.
4.3.2.5 Grains panicle™ (No)

The data on number of grains panicle™ of red rice as influenced by organic and
inorganic application of nutrients are presented in Table 4.3.7. Significantly highest
number of grains panicle™ was registered with treatment N120PgoKao (50% O +50% 1) (Te)
but it was at par with treatment N120PgoK4o (25% O +75% 1) (T4) during 2013 and on mean
basis. .Further, in year 2014 treatment N120Ps0Kao (25% O +75% 1) (T4) gave significantly
highest number of grains panicle™ which was at par with treatment Niz0PgoKao (50% O
+50% 1) (Té).
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4.3.2.6 Test weight (g)

The data on test weight of red rice as influenced by organic and inorganic
application of nutrients are presented in Table 4.3.7. Significantly highest test weight was
registered with treatment N120PeoK40 (50% O +50% 1) (Te) in both years and on mean basis
Jbut it was at par with treatments N 120PgoKao (1) (T2), N120PsoKao (25% O +75% 1) (T4),
Neo P40K30 (50% O +50 % 1) (Ts), N of T, applied through organics (O) + FS of N at T and
Pl stages (T;) and N of T, applied through organics (O) + FS of N at T and PI stages (Ts)
in year 2013, while in 2014 it was at par with treatments N 120PsoKao (1) (T2), however ,on
mean basis comparable values were also noted in treatments N120PsoKao (25% O +75% 1)
(Ta).

Discussion on growth and yield attributes and root volume

The finding on growth parameters revealed that plant height and dry matter
accumulation at most of the duration of red rice were significantly highest under treatment
N 120Ps0K40 (1) (T2) which was at par to Ni2oPsoKag (25% O +75% 1) (T4), Neo P20Kso (50%
O +50 % I) (Ts) and Ni20PsoKao (50% O +50% 1) (Te). Whereas leaf area index recorded
maximum under treatment Ni2o0PsoK:40 250 Org +75 % Ino (T4), at 30DAT and under
treatment N120PsoKao (50% O +50% 1) (Tg) at 90 DAT. As regards to CGR and RGR , the
maximum values were noted under Ni20PsoKao (50% O +50% I) (Ts) followed by N of T,
applied through organics (O) + FS of N at T and PI stages ( T; ) and N of T, applied
through organics (O) + FS of N at T and PI stages (T8). Highest root volume was
registered with treatment N1oPsoKao (50% O +50% 1) (Tg) in both years and mean basis
which was at par with treatments N 120:Pgo:K 40 (T2) and N120PsoKao (25% O +75% 1) (T4)
with an additional treatment N of T, applied through organics (O) + FS of N at T and PI
stages (Tg) in year 2013. The results on yield attributes and root volume showed that
significantly highest values of effective tillers hill * ' panicle length, panicle weight ,
number of grains panicle® , test weight and root volume were noted under treatment
N120Ps0K40 (50% O +50% 1) (Te) followed by N12oPsoKao (25% O +75% 1) (T4). Sarwar et
al., (2008) also observed that addition of organic materials appreciably increased the height
of rice plants. Application of farmyard manure significantly improved number of tillers,

test weight, grain and straw yield of red rice. Organic manure plays an important role in
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improving soil permeability to air and water and water stable aggregates Application of
organic materials such as farm yard manure significantly improved soil physical properties
and nutrient uptake resulting in greater growth, yield and yield component (Singh et al.,
1994). Application of farm yard manure at 10 t™ contributes 30-70 kg N beside leaving a
significant residual effect on succeeding crops (Sharma, 1995).Similarly the number of
tillers, number of filled grain test weight are significantly high due to application of farm
yard manure .This is affirmation by the long term studies on rice has increased yield factor
due to farm yard manure (Nambiar and Aborol , 1989 and Singh et al., 1999) .The effects
are largely due to improve soil organic matter, soil physical, chemical and microbial
properties with application of farm yard manure . The use of inorganic fertilizer (50%) and
farmyard manure or green manure (50%) produced better growth and yields attributes
than those obtained application of 100% of recommended inorganic fertilizers( Katyal
and Gangwar ,2000). This suggests that judicious use of organic material can results in
growth and yield characters on par with that obtained with organic fertilizers (Raman et al.,
1996, Singh et al., 1999, Pandey et al.,1999) .Thus application of organic materials are not
only improving crop yield, but also decreasing dependence on fossil fuel based on organic
fertilizers, thereby reducing hazards caused by continuous and indiscriminate use of
chemical fertilizers. Studies have also shown the beneficial effects of green manures, and
blue green algae on productivity of rice (Meelu, 1992). Therefore, research efforts should
continue to be done by the study various organic materials such as green manures,
legumes, rice straw, compost, sewage Sludge, bio fertilizers (blue green algae and azolla)
and inorganic fertilizer on the productivity of rice.

4.3.2.7 Grain yield (q ha™)

The data on grain yield of red rice as influenced by organic and inorganic
application of nutrients are presented in Table 4.3.8. Significantly highest grain yield was
registered with treatment N120PgoKao (50% O +50% 1) (Tg) in both the years and on mean
basis but was at par with treatment N120Pg0Kao (25% O +75% 1) (T4) during 2013.
4.3.2.8 Straw yield (q ha™)

The data on straw yield of red rice as influenced by organic and inorganic application of

nutrients are presented in Table 4.3.8. Significantly highest straw yield was registered with
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treatment N120PsoKao (25% O +75% 1) (T4) in both the years and on mean basis but it was
at par with treatment N120PsoK40 (50% O +50% 1) (T6) during both the years and on mean

basis as well as treatment N 120PsoKao (1) (T2) on mean basis.

4.3.2 .9 Harvest index (%)

The data on harvest index (%) of red rice as influenced by organic and inorganic
application of nutrients are presented in Table 4.3.8. Non significant differences was
noticed in both the years as well as on mean basis.

Discussion on yield and harvest index

Highest rice grain yield was registered with treatment N120PgoKao (50% O +50% 1)
(Te) in both years and mean basis which was at par with treatment Ni2PsoKao (25% O
+75% 1) (T,).Highest rice straw yield (q ha™) was registered with treatment Ni20PsoKuo
(25% O +75% 1) (T4) in both years and mean basis which was at par with treatment
N120Ps0Ka0 (50% O +50% 1) (Te) as well as treatment N 120PgoKao (1) (T2) in year 2014 and
mean basis. The harvest index (%) of red rice as influenced by organic and inorganic
application of nutrients are found non significant during the both years as well as mean
basis. Das et al. (2005) reported that application of 50% compost and 50% NPK fertilizers
produced the maximum grain and straw yields of rice. All combinations of organic
manuring were almost equally effective in increasing productivity of rice. Yield attributing
characters followed similar trends. It increased organic matter content of soil, maintained
and improved soil structure, reduced loss of nutrient particularly N, provide a source of N
for the succeeding crop and thereby increased the production of red rice. Chattopadhyay et
al. (1992) noted that rice performance was greater in the compost .Many factors determine
the fertilizer efficiency for rice crop during cultivation such as soil, cultivar, season,
environment, planting time, water management, weed control, cropping pattern, source,
form, rate, time of application and method of application ( Datta, 1978). In many cases
aerial spray of nutrients is preferred and gives quicker and better results than the soil
application (Jamal et al., 2006). Recently foliar application of nutrients has become an

important practice in the production of crops while application of fertilizers to the soil
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remains the basic method of feeding the majority of the crop plants. Chopra and Chopra
(2000) reported that application of either 80 or 120 kg N ha™ improved the entire yield
attributes compared with control. Application of organic manure not only improve the soil
organic carbon for sustaining the soil physical quality but also increases the soil nitrogen,
However, nitrogen use efficiency is very low particularly in rice and is difficult to be first
trust in sense of organic farming (Magar, 2004). The results are in confirmation with those
of Velu and Rani (1999). Higher yield of rice owing to combination of green manure and
recommended dose inorganic fertilizer was also reported (Pandey and Tripathi, 1992 and
Mellu et al., 1992). Singh et al. (2008) reported that under rice-based cropping system with
RDF + FYM was more efficient for enhancing soil organic carbon.

4.3.3 Nutrient content in red rice

4.3.3.1 N content in grain and straw (%o)

The data on N content in grain and straw of red rice as influenced by organic and
inorganic application of nutrients are presented in Table 4.3.9. Significantly highest N
content in grain and straw was registered with treatment N120PgoKao (50% O +50% 1) (Té)
which remained at par with treatments Ni20PeoKao (25% O +75% 1) (T4) during both the
years as well as on mean basis.
4.3.3.2 P content in grain and straw (%)

The data on P content in grain and straw of red rice as influenced by organic and
inorganic application of nutrients are presented in Table 4.3.10. Significantly highest P
content in grain and straw was registered with treatment N120PgoKao (50% O +50% 1) (Té)
in both the years and on mean basis.
4.3.3.0 K content in grain and straw (%o)

The data on K content in grain and straw of red rice as influenced by organic and
inorganic application of nutrients are presented in Table 4.3.11. Significantly highest K
content in grain was registered with treatment N;20PgoK4o (50% O +50% 1) (Ts) in both the
years and mean basis. As regards, to K content in straw , significantly highest values were
recorded under treatment N120PgoKao (50% O +50% 1) (Te) but it was at par with treatment
N of T, applied through organics (O) + FS of N at T and PI stages (Tg) during 2013 and on
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mean basis Ni2PsoKao (25% O +75% 1) (T4) on mean basis. However, in 2014 , K content
in straw was significantly highest under treatment Ni20PsoKao (25% O +75% 1) (T4).
4.3.3.4 Zinc content in grain (ppm)

The data on zinc content (ppm) in grain of red rice as influenced by organic and
inorganic application of nutrients are presented in Table 4.3.12. Significantly highest zinc
content (ppm) was registered with treatment N 120PsoKao (1) (T2) in both the years and on
mean basis.
4.3.3.5 Iron content in grain (ppm)

The data on iron content (ppm) in grain of red rice as influenced by organic and
inorganic application of nutrients are presented in Table 4.3.12. Significantly highest iron
content (ppm) was registered with treatment N120PgoKao (50% O +50% 1) (Te) in both the
years and on mean basis, but it was at par with treatments N 120Ps0Kao (1) (T2) and N of T,
applied through organics (O) + FS of N at T and Pl stages  (T7) in year 2014.

4.3. 4 N, P and K uptake by red rice
4.3.4.1 N uptake (kg ha)

The data on N uptake in grain, straw and their total as influenced by organic and
inorganic application of nutrients are presented in Table 4.3.13. Significantly highest N
uptake in grain, straw and their total was noticed under treatment Ni20Ps0Kso (50% O
+50% 1) (Tg) in both the years and on mean basis, however in year 2013, it was at par to
treatment N120PsoKao (25% O +75% 1) (T4) .
4.3.4.2 P uptake (kg ha™)

The data on P uptake in grain, straw and in their total as influenced by organic and
inorganic application of nutrients are presented in Table 4.3.14. Significantly highest P
uptake in grain, straw and in their total was noticed under treatment Ni20PgoKso (50% O
+50% 1) (Tg) in both the years and on mean basis.
4.3.4.3 K uptake (kg ha™)

The data on K uptake in grain, straw and in their total as influenced by organic and
inorganic application of nutrients are presented in Table 4.3.15. Significantly highest K
uptake in grain, straw and in their total was noticed under treatment Ni20Pg0Ka4o (50% O

+50% 1) (Tg), in both the years and on mean basis, except total K uptake which was
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recorded significantly highest under treatment Ni2PeoKao (25% O +75% 1) (T4) in year
2014. Further, in case of straw and it total treatment N120PgoKao (25% O +75% 1) (T4) also
recorded comparable values.
Discussion on nutrient concentration and uptake

The N content in grain and straw of red rice was highest with treatment N120PsoK4o
(50% O +50% 1) (Tg) in both the years and on mean basis and at par with treatments
NgoP40oKszo (1) (T1) and NioPsoKso (25% O +75% 1) (T4) for N content in grain. The P
content in grain and straw of red rice was significantly heighest with treatment N120PsoKao
(50% O +50% 1) (Ts) in both years and mean basis. The K content in grain and straw of
red was significantly highest in grain with treatment Ni20PgoKso (50% O +50% 1) (Te)
during both the years and on mean basis. Highest zinc content (ppm) was registered with
treatment N 120Ps0K4o (1) (T2) in both the years and on mean basis. Maximum iron content
(ppm) was noticed with treatment N120PsoKao (50% O +50% 1) (Te) in both the years and
on mean basis but it was at par with treatments N 120Ps0K40 (1) (T2) and N of T, applied
through organics (O) + FS of N at T and PI stages ( T;) in year 2014. Selvi et al. (2005)
reported that organic matter content of soil, maintained and improved soil structure
reduced losses of nutrient particularly N and increased the yield. Organic manures provide
regulated supply of N by releasing it slowly resulting in increased yields of rice and
nutrient use efficiency (Sharma, 2002).Thus the balanced application of mineral fertilizers
sustains soil physical environment and higher crop productivity under intensive cultivation
(Hari et al., 2000). The N uptake in grain , straw and in total was noted under treatment
N120Ps0Ka0 (50% O +50% 1) (Ts) in both the years and on mean basis but in year 2013
treatment N120PsoK:40 250, Org +75 % Ino (T,4) was al so at par. Highest P uptake in grain,
straw and in their total was under treatment Ni20PsoKao (50% O +50% 1) (Tg) in both the
years and on mean basis. Whereas highest K uptake in grain ,straw and in their total was
noted with treatment N120PsoK40 (50% O +50% 1) (Tg), in both the years and on mean basis
except total K uptake which was highest with treatment N120PgoKao (25% O +75% 1) (T4)
in year 2014 , however, straw and total K uptake on mean basis was at par with tratment
N120PeoKao (25% O +75% 1) (T4). The nitrogen, phosphorus and potassium efficiencies are

accelerated due to addition of FYM in rice. These findings are further confirmed by Kumar
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and Prasad (2003) on clay loam soil, who recorded similar observations. Farm yard manure
and inorganic ferilizer combination with produced an optimum grain yield when compared
with other treatment combinations. Furthermore, the positive effects of farmyard manure
were not enhanced with increased rate of inorganic fertilizers application. This is in
agreement with other studies where combined application of organic and inorganic
fertilizer increased productivity of rice (Ghosh and Sharma ,1999) . Few studies have even
shown that organic manures with a substantial amount of Chemicals N fertilizers could
produce higher dry matter yield and high N accumulation, than those of conventional
inorganic N fertilizers treatments ( Singh et al., 1994). Chung (2000) stated that combined
use of organic manures and inorganic fertilizers checks nitrogen losses, conserves soil N
by forming organicineral complexes and thuse nsures continuous N availability to rice
plants and greater yields. The combined application of fertilizers and farmyard manure has
shown long term yield benefits and these effects have been largely to be attributed to soil
organic matter and microbial activity . Data on the uptake studies shows that farm yard
manure on application increased N, P, and K by 20, 12 and 9%, respectively . Maximum
uptake of N, P, and K were observed at a fertilizer levels of 120: 60: 40 kg N: P,0s: K,0
ha™ in combination with application of farmyard manure The increase in N, P and K in
farmyard manure application treatment can be attributed to enhanced availability of these
nutrients due to improved soil structure and increased microbial activity research has
shown that the combined application of farmyard manure and green manure can meet all
the nitrogen requirement of high yielding varieties. Singh et al. (2006b) have also observed
that FYM to rice were economically viable. In addition to supply of nutrients, organic
source improves the physical condition and biological health of soil, which improves the
availability of applied and native nutrient (Dick and Gregorich, 2004). Singh et al. (1999)
reported similar findings who observed that application of only 100% N resulted in a
decrease in the available P contents. Similar results were reported by Yaduwanshi (2003)
and Singh et al. (2004). The higher nutrient uptake with organic manure application might
be attributed to solubilization of native nutrients, chelation of complex intermediate
organic manure molecules, their mobilization and accumulation of different nutrients in

different plant parts. Similarly, Lui et al. (2010) working on long term effects of fertilizer
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and organic manure treatments also proved that there was greater increase in urease
activity, when organic manure was applied.
4.3.5 Quality parameters
4.3.5.1 Head rice recovery of paddy

The data on head rice recovery of red rice as influenced by organic and inorganic
application of nutrients are presented in Table 4.3.17. Significantly highest head rice
recovery was registered with treatment N of T, applied through organics (O) + FS of N at
T and PI stages (Tsg) in both the years and on mean basis.
4.3.5.2 Length, breadth and L/B ratio of paddy

Data pertaining to length, breadth and L/B ratio of paddy as influenced by organic
and inorganic application of nutrients are presented in Table 4.3.16. Significantly longer
paddy length was registered under treatment N of T, applied through organics (O) + FS of
N at T and PI stages (Tg), but it was at par with N of T, through organic + 2 F S N (T)
during 2013 and on mean basis, while, in the year 2014 treatment N of T, through organic
+ 2 F S N (T7) registered significantly highest value which was at par with treatment N of
T, organic + 2 F S (Tg). Further, paddy breadth during both the years and on mean basis
was significantly highest under treatment N of T, applied through organics (O) + FS of N
at T and Pl stages (Tg). The L/B ratio of paddy in year 2013 was significantly highest with
treatment Ni0PsoKao (50% O +50% 1) (Tg) which was at par with treatments Ngo P40Kso
(50% O +50 % 1) (Ts), N of T, through organic + 2 F S N (T7) and N of T, organic + 2 F
S(Tg) , while in year 2014 and on mean basis treatment N 120PeoKao (1) (T2) noticed
significantly highest L/B ratio which was at par with treatment N T, through organic + 2 F
SN (T?).
Discussion on quality parameters

Longest paddy length was registered under treatment N of T, applied through
organics (O) + FS of N at T and PI stages (Tg) but at par with N of T, applied through
organics (O) + FS of N at T and PI stages (T7) during the year 2013 and on mean basis
,while, in the year 2014 treatment N of T, applied through organics (O) + FS of N at T and
Pl stages (T-) proved superior which was at par with treatment N of T, applied through
organics (O) + FS of N at T and PI stages (Tg). Further, paddy breadth during both the
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years and on mean basis was highest with treatment N of T, applied through organics (O) +
FS of N at T and PI stages (Tg). The L/B ratio of paddy in year 2013 was highest with
treatment N120PsoKao (50% O +50% 1) (Te) which was at par with treatments Ngo P4oK:30
0rgsos +50 % Inosey (Ts), N of T, applied through organics (O) + FS of N at T and PI
stages (T7) and N of T, applied through organics (O) + FS of N at T and PI stages (Ts) ,
while in year 2014 and on mean basis treatment N 120PoKao (1) (T2) noticed highest L/B
ratio and at par with treatment N of T, applied through organics (O) + FS of N at T and PI
stages (T7) on mean basis. Highest head rice recovery was registered with treatment N of
T, applied through organics (O) + FS of N at T and PI stages (Tsg) in both the years and on
mean basis. Rice being the most important food of the world, its nutritional value and
processing properties are very important for overall health of the people and commercial
purposes including economy of rice growers. Quality is very important and is determinant
of market price, consumer acceptance and end users. The quality of rice is not always easy
to define as it depends on a combination of many subjective and objective factors, largely
related to the consumer and the intended end use of the grain. The demand by the
consumer for better quality has notably increased in the more economically developed
countries of the world giving rice producers the opportunity to increase the total economic
value of rice. Quality traits are also related to the taste of the several ethnic groups in the
world. The quality parameters to be evaluated for food rice verities can be discussed in
three broad categories: i. Physical, ii. Processing and iii. Nutritional qualities. Kernel
length, bread/breadth ratio, grain type, chalkiness percentage, alkali spreading values could
be considered under physical qualities. Milling qualities and cooking qualities are under
processing quality. Milling parameters including hulling %, milling %, head rice recovery
% cooking qualities including elongation ratio, water uptake, volume expansion ratio,
nutritional qualities such as total crude protein, total carbohydrate, total ash, total fat,
minerals, vitamins and amino acids. Enormous variations in size and shape of grain exist
among the rice varieties available in the world. Rice kernel length roughly varies from 5.0
to 7.5mm and breadth from 1.9 to 3.0mm (Devi et al., 2008a). Some high yielding verities
from India had 5.2 to 6.8 mm in length and 1.9 to 2.5 mm in breadth. In USA, grains are
classified into long (7.0 to 7.5mm), medium (5.9 to 6.1 mm) and short (5.4 to 5.5mm). In
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India grains are classified considering length, breadth and length breadth ratio into long
slender (length 6.0mm and above, length. breath ratio 3.0 and above), long bold (length
6.0mm and above, L/B ratio less than 3.0mm), medium slender (length less than 6mm, L/B
ratio 2.5 to 3.0mm), short slender (length less than 6mm and L/B ratio 3 and above) and
short bold (length less than 6mm, L/B ratio less than 3) types Devi et al.,(2008) .

4.3.6 Economics

4.3.6.1 Gross return (000 Rs ha™)

The data on gross return of red rice as influenced by organic and inorganic
application of nutrients are presented in Table 4.3.18. Significantly highest gross return
was registered with treatment Ni20PgoKao (50% O +50% 1) (Ts) in both the years and on
mean basis, but it was at par with treatments N go P4oK 30 (25% O +75% 1) (T3), N120PsoKao
(25% O +75% 1) (T4) and Ngo P2oKso (50% O +50 % 1) ( Ts) with additional treatments
NsoP40Kso (1) (T1 ) and N of T, applied through organics (O) + FS of N at T and PI stages
(Tg) in year 2014 .
4.3.6.2 Net return (000 Rs ha™)

The data on net return of red rice as influenced by organic and inorganic
application of nutrients are presented in Table 4.3.18. Significantly highest net return was
registered with treatment N20PgoKao (25% O +75% 1) (T4) in both the years and on mean
basis , but it was at par with treatments NgoP4oKso (I) (T1 ), N 120Ps0Kao (1) (T2) , Ngo P4oK
30 (25% O +75% 1) (T3) , and Ngo P4oK3 (50% O +50 % 1) ( Ts) and NizoPsoKao (50% O
+50% 1) (Te) .
4.3.6.3 B: C ratio

The data on B: C ratio of red rice as influenced by organic and inorganic
application of nutrients are presented in Table 4.3.18. Significantly highest B:C ratio was
registered with treatment N of T, applied through organics (O) + FS of N at T and PI stages
(Tg) during both the years and on mean basis
4.3.7 Energetics
4.3.7 .1 Energy use efficiency (qMJ*x107%)

The data on energy use efficiency of red rice as influenced by organic and

inorganic application of nutrients are presented in Table 4.3.19. Significantly highest
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energy use efficiency was registered with treatment Ngo P4oKso (50% O +50 % 1) (Ts) in
both the years and on mean basis.
4.3.7.2 Energy output input ratio

The data on energy output input ratio of red rice as influenced by organic and
inorganic application of nutrients are presented in Table 4.3.18. Significantly highest
energy output input ratio was registered with treatment Ngo P4oK3o (50% O +50 % 1) (Ts)
during both the years and on mean basis.
4.3.7.3 Energy productivity (g MJ ha™)

The data on energy productivity of red rice as influenced by organic and inorganic
application of nutrients are presented in Table 4.3.19. Significantly highest energy
productivity was registered with treatment Ngo P4oK3so (50% O +50 % 1) (Ts) during both
the years and on mean basis.
4.3.7.4 Energy intensiveness (MJ Re™)

The data on energy of intensiveness of red rice as influenced by organic and
inorganic application of nutrients are presented in Table 4.3.20. Significantly highest
energy intensiveness was registered with treatment N 120PeoKao (1) (T2) during both the
years and on mean basis.

4.3.8 Production efficiency (kg ha™ day™)

The data on production efficiency of red rice as influenced by organic and
inorganic application of nutrients are presented in Table 4.3.17. Significantly highest
production efficiency was registered with treatment NixoPsoKso (50% O +50% 1) (Te) in
both the years and on mean basis but at par with treatment N1,0PgoKso (25% O +75% 1)
(T4) in year 2013.

Discussion on economics, energetics and production efficiency

Gross return and B:C ratio were noted significantly highest in treatment
N120Ps0Kao (50% O +50% 1) (Tg) in both the years and on mean basis but ,it was at par
with treatments N 120PgoKao (1) (T2), N go PaoK 30 (25% O +75% 1) (T3), N12oPeoKao (25%
O +75% 1) (T4) and Ngo P4oK30 (50% O +50 % 1) (Ts) with additional treatments NgoP4oKso
() (Ty) and N of T, organic + 2 F S (Tg) in year 2014 for gross reyurn.Net return was
significantly highest with treatment N120PsoKao (25% O +75% I) (T4) in both the year and
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on mean basis but it was at par with treatments NgoP10Kso (1) (T1 ), N 120PeoKao (1) (T2), N
60 PaoK 30 (25% O +75% 1) (T3) , and Nego P4oK3zo (50% O +50 % 1) (Ts) and Ni20PsoKao
(50% O +50% 1) (Te). Energy use efficiency , energy output input ratio and energy
productivity of red rice were significantly highest with treatment Ngo P4oKs30 (50% O +50
% 1) (Ts) in both the years and on mean basis . While,energy intensiveness was
significantly highest with treatment N 120Ps0K4o (I) (T2) during both the years and on mean
basis .Highest production efficiency was registered with treatment Ni20PeoKso (50% O
+50% 1) (Ts) in both the years and on mean basis but it was at par with treatment
N120PsoKao (25% O +75% 1) (T,4) in year 2013. The market for organic food is on the rice
despite a dialogue on organic v/s modern agriculture (Prasad, 2005). Organic farming
provides a way for continued rice production by resource poor farming. Further the low
yields obtained in the organic farming are compensated by the higher price for organic
foods. Organic farming also permits the recycling of organic wastes, the disposal of which

could be difficult and expensive.



CHAPTER -V
SUMARRY, CONCLUSION AND SUGGESTIONS FOR
FUTURE RESEARCH WORK

Rice occupies about percent of the total area under cereal production in the
world and more than percent of rice is produced and consumed in Asia. In
Chhattisgarh, during kharif ,rice is cultivated over an area of 3.68 m ha with
productivity of 20.20qg/ha. Bastar Plateau is tribal predominantly zone having 6
districts viz. Jagdalpur, Narayanpur, Kondagaon, Bijapur, Dantewara and Sukma.
Bastar is primarily mono cropped rice area. It comprises of large plateau having
elevation ranging from 550 m to 760 m from mean sea level in between 17°46° N
and 20°34’ N latitudes and 80°15” and 82°15° E longitudes. Rice is grown during
kharif season and field left fallow after its harvest. Many land races commonly
grown in the region. Some of red rice is totally red of whole kernal. Red rice can
also mean a wild rice genotype that is regarded as a weed because it produces very
few grains and can cross-breed with regular rice, resulting in low-quality rice crops.
Anthocyanins are the pigments that give the rice its red colour. Anthocyanin is a
known antioxidant that is linked to lowering the risk of developing several chronic
health conditions. Similar to brown rice, red rice is found to be rich in fibre, iron,
zinc, B vitamins and even calcium. Unfortunately, the potential and its use have
been by in large neglected by the research community and the farmers. With the
awareness about health, red rice has gained the importance and demanded for
research needs in view to increase the productivity and quality of the produce. Red
rice have already been picked up the market with good price .Red rice will not only
play vital role in nutritional security for human beings but also pay additional
income for livelihood in these disadvantaged districts of Chhattisgarh. An effective
agronomic management is therefore necessary to exploit the yield potential of red
rice. Integrated nutrient management (INM) is very important in rice production.
Many of our problems on declining productivity (increasing cost, declining yield)

can be traced to improper and inefficient use of nutrients. Improper nutrient
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management has resulted in the nutrient imbalances in the soil with nutrients in
excess while other nutrients depleted. Through this, farmers can increase
agricultural productivity and safeguard the environment as they efficiently use

fertilizer.

Looking to the nutritional importance of red rice in human diet, research work
specially in the direction of suitable genotypes, spacing, fertility levels, integrated
use of inorganic, organic and micronutrients are needed to harness higher and
qualitative production under the agro climatic conditions of Baster plateau.
Research trials on “Productivity and Quality of Red Rice (Oriza sativa L.)
Genotypes as Influenced by Organic, Inorganic and Integrated Nutrient
Management Practices” were conducted at Instructional cum Research Farm of
Shaheed Gundadhoor College and Agricultural Research Station, Jagdalpur,
Chhattisgarh during kharif season of 2013 and 2014. In both kharif season three
experiments were conducted. The soil of the experimental site is characterized as
silty loam (fairly leveled). The soil was locally known as Mal (Alfisols). It is well
fertile soil belongs to mid land situation of landscape in Jagdalpur .The soil was
slightly acidic in reaction and medium to low in fertility levels having low in
nitrogen and phosphorus and high in potash contents . Rainfall received during
cropped period was 695.9 mm and 792 mm with 50 and 49 rainy days during 2013
and 2014 ,respectively.

In first experiment entitled “ Performance of different red rice genotypes
under varied spacing and fertility levels ” the treatments comprised of 3 genotype
viz.,, RR 14 EN-7(V1) RR 14 EN-8(V2) and RR 12 EN-11(V3) in main-plot, 2
spacing 15 cm x 10 cm (S1) and 20cm x 10cm (S1) in sub-plot and 3 fertility levels
60:40:30 (N:P,0s5:K,0 kg hal) (F1), 90:60:40 (N:P,0s:K,0 kg ha?) (F2) and
120:60:40 (N:P,0s:K,0 kg ha-') (F3) in sub-sub plot, in second experiment
entitled” Grain yield and nutrient uptake of red rice as influenced by integrated
use of inorganic, organic and micro nutrients” , the treatments was composed of

12 integrated use of inorganic, organic and micro-nutrient viz., NgoPeoKaso (T1),
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N120PgoKso (T2), NeoPeoKao+FYMs: (T3), Ni2oPgoKeo+ FYMsy  (T4), NaoPeoKaot+Zn
(Ts), NgoPsoKao+S; (Ts), NeoPeoKao+B (T7), NgoPsoKao+Zn +S; (Ts), NgoPsoKao+Zn B
(To), NgoPeoKao+B+ Sy (T10), NsoPeoKagtZn+ S, .B (T11)and  Control (T12). Red rice
genotype RR 12 EN-11 was transplanted on 11" August 2013 and 16" July 2014
and harvest in 3 and 1% week of November and October in 2013 and 2014. Further
,in third experiment entitled “Enhancement of productivity and quality of red
rice through organic and inorganic application of nutrients”, the treatments
consisted of 9 organic and inorganic application of nutrients viz., NgoPsoKszo (1) (T1),
N 120Ps0Kao (I) (T2), N o PaoK 30 (25% O +75% 1) (T3) , N12oPsoKao (25% O +75%
1) (T4), NeoPaoKso (50% O +50 % 1) (Ts), N12oPeoKao (50% O +50% 1) (Ts), N of
T, applied through organics (O) + FS of N at T and PI stages (T7), N of T, applied
through organics (O) + FS of N at T and PI stages (Tg) and Control (Tg). Red rice
genotype RR 12 EN-1 was transplanted on 13" August 2013 and 16" July 2014 and
harvested on 3" and 1 week of October in 2013 and 2014.

5.1 Red rice: Experiment No.-1

Title: Performance of different red rice genotypes under varied
spacing and fertility level

5.1.1 Effect of genotype

e The genotype RR 12 EN-11 produced significantly highest number of grains

panicle, longest panicle, test weight, grain and straw yields. The gross return,
net return, B: C ratio, energy use efficiency, energy output input ratio, energy
productivity and production efficiency were registered highest with the above
genotype.

e Significantly highest zinc and iron content was registered under treatment

genotype RR 14 EN-8 during both the years and on mean basis.
e Significantly highest N content was registered under genotype RR12EN-11 and

RR14EN-7 for grain and straw, respectivily during both the years and on mean

basis.
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e The genotype RR12 EN-11 registered significantly highest P and K content.

5.1.2 Effect of spacing

The planting spacing of 20cm x10cm registered the highest number of effective
tillers hill"*, longest panicle, panicle weight, grains panicle™, test weight, root
volume and straw yield.

Spacing of 15 cmx10 cm registered highest leaf area index and crop growth rate.
Significantly highest grain yield and harvest index was registered under spacing
15cmx10 cm.

During both the years and on mean basis, zinc and iron contents were
significantly highest under spacing 20 cm x 10 cm.

The N, P and K contents and net return and B: C ratio was significantly highest
under spacing 20 cm x 10 cm during both the years and on mean basis.
Significantly highest energy use efficiency, energy output input ratio, energy of
intensiveness and production efficiency were registered under treatment spacing
20cmx10cm during both the years and on mean basis.

Energy productivity during both the years and on mean basis was found non

significant for spacing:

5.1.3 Effect of fertility level

The fertility level 120:60:40 N:P,0s:K,0 kg ha™ registered highest dry matter
accumulation at all growth stages.

The relative growth rate for fertility level was found statistically non significant
at all the growth duration of growth of rice.

Significantly highest number of effective tillers hill ** grains panicle™, grain
yield and straw were registered under fertility level 120:60:40 N:P205:K20 kg
h™ during both the years as well as on mean basis .

Significantly highest zinc, N and P content was registered under fertility levels
120:60:40 N:P,0s:K,0 kg ha™* during both the years and on mean basis.

Fertility level was found non significant for K content.
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Fertility level of 120:60:40 N:P,0s:K,0 kg ha™ registered significantly highest
gross and net return and B:C ratio.

Significantly highest energy use efficiency, energy output input ratio and
energy of intensiveness were significantly registered under fertility level of
60:40:30 N:P,0s:K,0 kg ha™ during both the years and on mean basis.
Significantly highest production efficiency was registered under fertility level
under treatment 120:60:40 N:P,0s:K,0 kg ha™ during both the years and on

mean basis.

5.1.4 Effect of interaction between genotype X spacing

The interaction effect genotype X spacing was found significant for plant height
interaction between RR12EN-11 and 20cm x10cm produced taller plants at all
the growth stages during both the years, but it was at par with interactions of
RR 12 EN-11X 15 cm x10 cm at 30 and 60 DAT, during 2014. Moreover,
during 2013 at 30 DAT, interactions of RR12EN-11 X 15cmx10 cm was found
comparable to RR 12EN-11 X 20 cmx10cm.

The interaction effect of genotype x spacing revealed interaction between
RR12EN-11 X 20cmx10 cm produced significantly highest dry matter
accumulation at all the stages except at 60 DAT during 2014 where
interaction of RR12EN-11 (V3) X 15cmX10 cm was at par to interaction of
RR12EN-11 x 20cm x 10cm and on mean basis at 30 DAT interaction between
RR 14 EN-7 (V3) X 20cmx10 cm, RR 14 EN-8x 15cm x10cm and RR 12
EN-11 (V3)X15cmX10 cm were found comparable

The interaction of genotype X spacing revealed that highest leaf area index
during both the years and on mean basis was recorded with interaction between
genotype RR 12 EN-11 X 15 cmx10 cm, but it was at par with interaction of RR
12 EN-11 X 20cmx10 cm on mean basis at 30 DAT. Further during 2013 at 30
DAT, interaction between RR 12 EN-11 X 20cmx10 cm recorded maximum leaf
area index over rest of interaction.

The interaction of genotype X spacing revealed that highest crop growth rate at
0-60 and 30-60 DAT during 2014 and on mean basis and at 30- 60 DAT in 2013
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recorded under interaction of RR 12 EN-11 X 20cmx10 cm ,but it was at par
with interaction of RR 12 EN-11X 20cmx10 cm on mean atO- 30 DAT. Further
during 2013 at 0-30 DAT, interaction between RR 12 EN-11 X 20cmx10 cm
recorded maximum crop growth rate over rest of interactions.

The interaction between RR 12 EN-11 X 20cmx10 cm registered significantly
highest effective tillers hill™* during both the years and on mean basis but, it was
at par with RR 12 EN-11 X 20cmx10 cm and RR 12 EN-11 X 15cmx10 cm
during 2014.

Interaction between RR 12 EN-11 X 20cmx10 cm registered significantly
highest panicle length during both the years and on mean basis but, it was at
par with interaction between RR12EN-11 X15cmx10cm during 2013.

Interaction between RR 12EN-11X20cmx10 cm recorded significantly highest
panicle weight during both the years and on mean basis.

Interaction between genotype X spacing was found non significant for number
of grains panicle™.

Significantly higher test weight was noted under interaction between RR 12
EN-11 X 20cmx10 cm during both the years and on mean basis.

Significantly higher grain yield was noted under interaction between RR 12 EN-
11 X 20cmx10cm, but it was at par to interaction between RR 12 EN-11 X
15cmx10cm during both the years and on mean basis with an additional
treatment RR 12 EN-7 X 15cmx10cm and RR 12 EN-8 X 15cmx10cm during
2014.

The interaction effect between genotype and spacing was found significant
where interaction between 20cmx10 cm X120:60:40N:P205:K20 kg ha™
significantly higher straw yield than other interaction.

The interaction between RR14EN-8 X 20 cm X 10 cm gave significantly higher
zinc content in grain.

The interaction between RR12EN-11X 20cmx10 cm gave significantly highest
N content in grain with but it was at par with RR14EN-7 X20cmX10cm while
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,straw N content was highest under interaction between RR 14 EN-7 X 20 cm
X 10cm.

The interaction between RR 12 EN-11X 20cmx10 cm gave significantly highest
P content in grain but, it was at par with RR 14 EN-7 X 20cmX10cm during
both the years.

The interaction between RR12EN-11X20cmx10cm gave significantly highest
K content in grain during both the years, but it was at par with RR 14 EN-7 X
20cmX10cm, while in straw K it was registered highest under treatment RR 12
EN-8 X 20cmx10 registered highest potash content.

The gross return, net return, B: C ratio, energy use efficiency, energy output
input and production efficiency were found significantly highest under
RR12EN-11) X 20cmx10 cm during both the years and on mean basis.

5.1.2 Effect of interaction between genotype X fertility levels

Interaction between RR12 EN-11 X 120:60:40 N:P,Os:K,O kg ha' gave
significantly highest plant height and dry matter accumulation during both the
years and on mean basis at all growth stages.

The relative growth rate was found statistically non significant all growth
duration.

Interaction between RR 12 EN-11 x 120:60:40 N:P,0s:K,O kg ha’ gave
significantly highest panicle length superior during both the years and on mean
basis, but it was at par with 90:60:40 N:P,0s:K,0 kg ha™*during 2014 and on
mean basis.

Interaction between genotype X fertility levels were found non significant for
panicle weight ,grains panicle® , grain and straw vyield, harvest index, root
volume, grain and straw nitrogen content ,gross returns, net return and B:C ratio.
Interaction between RR 12 EN-11 X120:60:40N: N:P,0s:K,O kg ha™ gave
significantly highest test weight .
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e The interaction between RR 14 EN-8X 120:60:40 N:P,Os:K,0 kg ha® gave
significantly highest zinc and iron content in grain during both the years and on
mean basis.

e The interaction between RR12EN-11X 120:60:40 N:P,Os:K,O kg ha’ gave
significantly highest N content in grain where as , interaction between RR 14
EN-7 X 120:60:40 N:P,05:K,0 kg ha™ recorded significantly highest N content
in straw .

e The interaction RRI2EN-11 x 120:60:40 N:P,Os:K,O kg ha™ recorded
significantly highest P content in grain while in straw it was found non
significant.

e The interaction between RR12EN-7 X 120:60:40 N:P,05:K,0 kg ha*for grain
but at par with RR12 EN-11 X 120:60:40 N:P,0s:K,0 kg ha™ except during
2014 and for straw under treatment RR12EN-11 X 120:60:40 N:P,0s5:K,0 kg
ha™ registered highest K content .

e The interaction between RR12EN-11X60:40:30 N:P,0s:K,0 kg ha™was found
significant superior for energy use efficiency during both the years and on mean
basis.

e The interaction between RRI2EN-11x 60:40:30 N:P,0s:K,O kg ha’ was
significantly highest energy output input, energy productivity and energy
intensiveness during both the years and on mean basis.

e The interaction between genotype X fertility was found non significant for

production efficiency.

5.1.3 Effect of interaction between spacing X fertility levels

e The interaction between spacing X fertility levels for plant height, dry matter
accumulation, leaf area index, crop growth rate, relative growth rate, effective
tillers hill"*, panicle weight, grain panicle™, test weight grain and yield, harvest
index, root volume, zinc and iron content gross returns, net return B:C ratio,
energy use efficiency, energy use efficiency, energy productivity, energy of

intensiveness and production efficiency were found non significant .
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e Spacing X fertility levels for P content was highest under treatment 20cm x10
cm x 120:60:40 N:P,0s:K,0 kg ha™ except straw P content during 2013 which,
was found non significant.

e The interaction between 20cmx10 cm X 120:60:40 N:P,Os:K,0 kg ha™ gave

significantly higher K content in grain and straw as compared to others .

5.2 Red rce: Experiment No. |1

Title: Grain yield and nutrient uptake of red rice as influenced by
integrated use of inorganic, organic and micro nutrients

e At 30 DAT, significantly taller plant of red rice was recorded under the
treatment N120PgoKeo (T2) as compared to others during both the years as well
as on mean basis, excepting the treatment of NgoPgoKao+Zn +S+B (T11) during
2014. At 60 and 90 DAT, treatment of N120PgoKeo (T4) gave significantly taller
plant as compared to others, however it was at par to the treatment of
NgoPsoKaotZn + S +B (T11) at 90 DAT during both the years as well as on
mean basis .

e At 30 DAT, in year 2013, treatment NizoPgoKeo FYMs: (T4) produced the
highest dry matter accumulation, which was at par with the treatment
N120Pg0Kso (T2), while in year 2014 and on mean basis, treatment N120PgoKgo
(T,) gave significantly higher dry matter accumulation than others, but it was at
par with the treatment of N1,0PgoKso FYMs; (T4). At 60 and 90 DAT, treatment
N120PsoKeo FYMs: (T4) produced significantly higher dry matter accumulation
than others, but was at par with Ni,0PgoKso (T2) at 60 DAT during both the
years and on mean basis.

In general, the leaf area index showed increasing trend from 30 DAT to 90 DAT
in all the treatments. At 30 and 60 DAT, significantly higher leaf area index was
registered under the treatment N80P60K40+Zn +S..B (T11) as compared to
others during both the years as well as on mean basis, but it was at par with the
treatments of N120PgoKso FYMs; (T4), NgoPeoKao+Zn (Ts), NgoPsoKao +S; (Te) and
NgoPsoK4o) +B (T7) at 30 DAT in year 2013 and treatment N120PgoKgoFY Mst (T4)
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during 2014 and on mean basis. At 90 DAT, treatment N1,0PgoKgo FYMs; (T4)
gave significantly higher LAI than others excepting the treatment of
NgoPsoKao+Zn+Si+B (T11) during both the years and on mean basis and
treatment N120PgoKeo (T2) during 2013.

In general, the crop growth rate increased from 0- 30 to 30-60 and thereafter, it
declined at 60-90 DAT. At 0-30 DAT, in year 2013, treatment Ni20PgoKeo
FYMs: (T4) gave the highest CGR followed by treatments Ni2oPgoKgo (T2),
NgoPsoKao+S) (Ts), NeoPeoKao+B (T7), NaoPeoKao+Zn+S, (Tg),NeoPsoKao+B1lo+S)
(Tio) and NgoPeoKaotZn +S;+B(T11), while in year 2014, treatment
NgoPsoKao+tZn +Si+B (T11) gave significantly highest CGR followed by
NgoPsoKao FYMst (T3), Ni2oPsoKeo FYMst (Ts) , NeoPeoKao+S) (Te) and
NgoPsoKa0tB+S, (T10). On mean basis, treatment Ni»oPsoKso FYMs: (14) gave
significantly highest CGR which was at par with treatments N120PgoKgo (T2),
NgoPsoKao FYMst (T3), NsoPeoKao+S) (Te), NsoPeoKao+Bio+S) (T10)and
NgoPsoKao+Zn +S,+B (T11). At 30-60DAT, the CGR was registered significantly
highest with treatment N120PgoKso FYMs; (T4) during 2013, but during 2014 and
on mean basis, treatment Ni20PgoKeo (T2) gave significantly higher CGR than
others which was at par to treatment Ni20PgoKeo FYMs; (T4). At 60-90 DAT,
treatment NioPgoKso FYMs: (T4) gave the highest CGR followed by
NgoPsoKa0+B+S, (T10) during both the years as well as on mean basis.

It was observed that relative crop growth rate declined with advancement of
crop age. The data reveal that at early (0-30 DAT) and later stages (60-
90DAT), the relative growth rate were found non- significant due to different
treatments of integrated use of inorganic, organic and micro nutrients, but at mid
stage (30-60 DAT), during 2013 ,treatment NixoPgoKso FYMs: (T4) gave
significantly highest RGR, which was at par with treatment Ni20PgoKso (T2)
during 2013, whereas during 2014 and on mean basis, treatment N120PgoKeo (T2)
gave significantly highest RGR, which was at par with the treatment of
N120PgoKeo FYMs; (T4).
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Significantly highest root volume was registered during both the years and on
mean basis under treatment NgoPgoKao+Zn +S,+B (T11) excepting with treatment
of NgoPeoKao+Zn + B (Ty) during 2014.

Significantly highest number of effective tillers hill *in year 2013 and on mean
basis was obtained with treatment NgoPgoKgo+Zn +S;+B (T11) which was at par
with the treatment Ni2oPgoKeo FYMs: (T4). Significantly highest number of
effective tillers hill™* was noticed under the treatment NixPgoKeo FYMs;: (Ta),
which was at par with the treatment NgoPgoKso+Zn +Si+B (T11) during2014.
Significantly longest panicle was registered with treatment Ni,0PgoKso FYMs;
(T4) during both the years and on mean basis, but it was at par with the treatment
of NgoPeoKao+Zn +S+B(T11) and N1xoPgoKeo (T2) during 2014.

The significantly highest panicle weight was registered with the treatment
NgoPsoKao+Zn +S1+B (T11) as compared to others during both the years and on
mean basis. The treatments Ni20PsoKeo (T2), NgoPsoKao FYMs: (T3), N120PsoKeo
FY Ms; (T4), NgoPsoKao+Zn +S; (Tg) and NggPeoKao+Zn +B (Ty) during 2013 and
treatments N120PgoKgo (T2) and N120PgoKeo FYMs: (T4) during 2014 and on mean
basis were statistically similar to that of NgoPgoKso+Zn +S,+B (T11).

The significantly highest number of grains panicle™ was registered under the
treatment of NgoPeoKao+Znys +SI1+Byg ha'(Ty) during both the years and on
mean basis which was on par with the treatment of N12oPgoKgo FYM5t ha™t (T,)
in year 2013 and on mean basis.

The higher test weight was registered under the treatment of NgoPgoKao+Zn
+S1+B (T11) as compared to others treatments, which was at par with the
treatments N120PgoKso (T2) and Ni20PgoKeo FYMs; (T4) during both the years and
on mean basis. The treatment of NgoPsoKso+S (Te) also produced similar test
weight to that of NgoPeoKgo+Zn +S;+B (T11) during 2014.

The significantly highest rice grain yield was registered under treatment
NgoPsoKao+Zn +S;+B (11) during both the years and on mean basis but, it was at
par with treatment N120Pg0Kgo FYM5t ha' (T4) during 2013 and on mean basis.
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Significantly highest rice straw yield during both the years and on mean basis
was registered under the treatment of N120PgoKeo FYMs; (T4) , but it was at par
with treatments NgoPgoKso+Zn+B (Tg) and NgoPeoKao+Zn +Si+B (T11) during
2013 and on mean basis and treatment NgoPsoKaso (T2) and NgoPgoKao+B+S; (T10)
during 2014. On the other hand harvest index of red rice was found to be non
significant.

Significantly highest N content in grain and straw was registered under the
treatment N120Pg0Kso FYMs; (T4) which was superior over rest of the treatments
during both the years and on mean basis.

The highest P content in grain and straw during both the years and on mean
basis was noted under treatment NiPgoKso FYMs:  (T4),which was
significanlty superior than other treatment except NgoPgoKaot+ Zn +B (Tg) during
2013 in case of P content in straw.

The highest K content in grain and straw during both the years and on mean
basis was registered under the treatment of NgoPeoKao+FYMs; (T3) which was
significantly superior over rest of the treatments.

The significantly highest zinc content (ppm) was registered under the treatment
of N 120:Pgo:K 60 (T2) during both the years and on mean basis, but it was at par
with the treatments  N120PgoKeo FYMs: (T4), NgoPsoKaot+Zn (Ts), NgoPeoKaot+S
(Te) and NgoPgoKao +B (T7) during 2014 and treatment of NgoPsoKaso) + B (T7) on
mean basis.

The significantly highest iron content was registered under the treatment of
NgoPsoKao+Zn (Ts) during 2013 and on mean basis, but it was at par with the
treatment N 120:Pgo:K 60 (T2). During 2014 significant difference among the
treatment was not observed for iron content in grain.

Significantly highest N uptake in grain, straw and in their total N uptake was
noticed under the treatment of Ni1,0PgoKso FYMs; (T4) which was significantly
superior over rest of treatments during both the years and on mean basis.
Significantly the highest P uptake in grain, straw and in their total was obtained
under the treatment of Ni20PgoKeo FYMs; (T4) during both the years and mean
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basis, but it was at par with NgoPsoKso+Zn + B (Tg) and NgoPeoKao+Zn +S,+B
(T11) in straw during 2014 as well as treatment NgoPgoKso+Zn +S;+B (Tyy) in
case of their total uptake during 2014.

Significantly the highest K uptake in grain was observed under the treatment of
NgoPsoKao FYMs; (T3) during both the years and on mean basis, but it was at par
with the treatment of NgoPsoKso+Zn +S+B (T11) during 2013 and 2014 .While,
K uptake in straw was significantly the highest with treatment of NgoPgoKao+Zn
+S+B (T11) during both the years and on mean basis, but it was at par with the
treatments N120PgoKeo FYMs: (T4) and NgoPeoKaotZn + B (T ) during 2013 and
2014 as well as treatment NgoPgoKao+Zn +S; (Tg) during 2014.The total K
uptake was significantly superior under the treatment NgoPgoKso+Zn +S,;+B
(T11) during both the years and on mean basis, but it was at par with treatment
N120PsoKeo FYMs; (T4) during both the years as well as on mean basis ,
treatment NgoPsoKso FYMs; (T3) during 2013, treatment NgoPgoKao+Zn +B (To)
during 2013 and 2014 and treatment NgoPeoK4o+S;+B(T10) during 2014.
Significantly highest head rice recovery was registered with treatment
NgoPsoKaso+tZn +S+B (T11) which was significantly superior over other
treatments during both the years and on mean basis, but it was at par with
treatments Ni2oPsoKeo (T2), Ni2oPsoKeo FYMs: (Ts), NgoPsoKsotB (T7),
NgoPeoKao+Zn +S; (Ts), NgoPeoKao + Zn +B (To) and NgoPeoKao+B1o+Si (T10)
during 2014.

The application of N120PgoKso FYMs; (T4) registered significantly longer paddy
length and L/B ratio over other treatments during both the years and on mean
basis. Whereas breadth of paddy was significantly highest under treatment
NgoPsoKao+B10+S) (T10) Which was at par with treatments NgoPsoKao+Zn+ S, (Tg)
and NgoPgoKat Zn +B(Tg) during 2013 and on mean basis as well as
NgoPeoKsot+S) (Tg)and NgoPeoKs+B (T7) during 2013 and treatment
NgoPsoKao+Zn +S;+B (T11) on mean basis. But during 2014, breadth of paddy
was significantly highest under treatment NgoPeoKao+Zn + S+ B (T11).
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The highest gross return during both the years and on mean basis was registered
under the treatment of NgoPsoKg+Zn +S; +B (T11), which was at par with
treatment N120PgoKeo FYMs; (T4) during 2013 and on mean basis.

Significantly highest net return was registered during 2013 under treatment
N120PgoKeo FYMs; (Ty4), but it was at par with treatments NixoPgoKeo (T2),
NgoPsoKao+ Zn (Ts), NgoPsoKaot+ Zn +B (Tg) and NgoPeoKao+Zn +Si+B (T11).
Whereas during 2014 and on mean basis significantly highest net return was
observed under treatment NgoPeoKaso+Zn +S,+B (T11), but it was at par with
treatments N120PgoKso FYMs: (T4) and NgoPsoKaot+ Zn +B (To).

The highest B:C ratio in year 2013 and on mean basis was registered with
treatment of Ni0PgoKso (T2) which was significantly superior over rest of
treatments expect the treatments of NgoPeoKao+Zn (T5), NgoPsoKso+B (T7) and
NgoPsoKaot+ Zn +B (Ty). During 2014, treatment of NgoPgoKaot+Zn (Ts) gave the
maximum B:C ratio followed by Ni0PgoKso (T2), NgoPsoKs+B (T7) and
NgoPsoKao+ Zn +B(To).

The highest energy use efficiency during both the years and on mean basis was
registered with treatment NgoPsoKso+Zn +S,+B1g (T11), but it was at par with
treatmentsNgoPeoKaotZn  (Ts),  NeoPeoKaotSi  (Te).NeoPeoKaot B (T7),
NgoPsoKaotZn +S (Tg), NgoPsoKso + Zn +B (Tg) and NgoPeoKaotB+S, (T1p)
during 2013, as well as treatments NgoPeoKao+Zn +B (Tg) and NgoPeoKao+B+S)
(T10) during 2014 and on mean basis.

The highest energy output input ratio was registered with treatment
NgoPsoKao+Zn +SI+B (T11) during both the years and on mean basis, but it was
at par with treatments NgoPsoKsotZn (Ts),NgoPeoKaot+S) (Ts),NgoPsoKao+B 10
(T7), NeoPeoKao+Zn +S; (Tg), NgoPeoKao+ Zn +B (Tg) and NgoPeoKao+B+S) (T1o)
during year 2013, while treatment NgoPgsoKso+B+S, (T1) in year 2014 and
treatments NgoPgsoKsot+ Zn +B (Tg) and NgoPeoKao+B+S, (T10) On mean basis.
Significantly highest energy productivity during both the years and on mean
basis was registered under the treatment NgoPgoKso+Zn +S,+B (T11) , but it was
at par with treatments NgoPeoKao+Zn (Ts),NgoPeoKaotS) (Ts),NgoPsoKao+B (T7),
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NgoPsoKao+Zn+S; (Tg), NgoPsoKsot+ Zn +B (Tg) and NgoPgoKso+B+S, during
2013, and treatment NgoPeoKao+B+S, (T10) during 2014 and on mean basis as
well as treatment NgoPgsoKso+Zn +S; (Tg) on mean basis.

Significantly highest energy intensiveness during both the years and on mean
basis was registered under treatment Niy0PgoKso (T2), but it was at par with
treatments NgoPgoKso+Zn (Ts) and NgoPeoKao+ Zn +B (Tg) during both the years
and on mean basis as well as treatment NgoPsoK40+B (T7) during 2014.
Significantly highest production efficiency was registered during both the years
and on mean basis under treatment NgoPgoKao+Zn +SI+B (T11), but it was at par

with treatment N120PgoKso FYMs; (T4) during 2013 and on mean basis.

2.3 Red rice: Experiment No.llI

Title: Enhancement of productivity and quality of red rice through organic and

inorganic application of nutrients

The application of N 120PeoKao | (T2) was found significantly superior for
producing tallest plant of red rice at all the periods of observations during both
the years as well as on mean basis. However, it was at par to of Ni20PsoKao
(25% O +75% 1) (T4) during 2013 at 30 DAT, on mean basis at 60 DAT and
during both the years and on mean basis at 90 DAT, treatment N1,0PgoK40 (50%
O +50% 1) (T ) during 2013 at 30 DAT and treatments Ngo P4oK3 (50% O +50
% 1) (Ts) and N of T, applied through organics (O) + FS of N at T and PI stages
(Tg) on mean basis at 60 DAT. The shortest plant height was recorded under
control at all the stages during both the years and on mean basis.

At all the growth periods of observations, treatment N 120PsoKao (1) (T2)
registered significantly highest dry matter accumulation during both the years
and on mean basis. However, it was at par to treatment NixoPeoKso (50% O
+50% 1) (Te) during both years the and on mean basis at 60 DAT as well as
treatment Ni2oPsoKao (25% O +75% 1) (T4), N of T, applied through organics
(O) + FSof N at T and PI stages (T7) and N of T, applied through organics (O) +
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FS of N at T and PI stages (Tsg) during both the years and on mean basis at 90
DAT.

At 30 DAT, significantly the highest leaf area index was registered under
treatment N120PsoKao (25% O +75% 1) (T4) during both the years and on mean
basis, but it was at par with NixPgKso (50% O +50% 1) (Ts) during 2014.
Further, at 60 DAT in 2014, significantly highest leaf area index was registered
with treatment N of T, applied through organics (O) + FS of N at T and PI
stages (Ts) , which was at par with treatment N g9 P4oK 30 (25% O +75% 1) (T3),
N120Ps0Ka0 (25% O +75% 1) (T4) and Ngo P4oK30 (50% O +50 % 1) (Ts).Whereas,
on mean basis significantly highest leaf area index was recorded under
N120PsoKao (25% O +75% 1) (T4) which was at par with treatment N of T,
applied through organics (O) + FS of N at T and PI stages (Tg). Moreover, at 90
DAT during both the years and on mean basis, significantly highest leaf area
index was recorded under NizoPeoKao (50% O +50% 1) (Ts) which was at par
with treatments N12oPsoKao (25% O +75% 1) (T4) and Ngo P4oKso (50% O +50 %
1) (Ts) and N of T, applied through organics (O) + FS of N at T and PI stages
(T7) during 2013 and treatment N120PgoKso (25% O +75% 1) (T4) during 2014
and on mean basis.

In general, crop growth rate increased from 0- 30 to 60-90 DAT. At early stage
(0-30 DAT), it was highest with the treatment of Ni20PsoKso (50% O +50% 1)
(Te) which was significantly superior over rest of the treatments during both the
years and on mean basis. Moreover, at 30- 60 DAT in year 2014 and on mean
basis ,the highest crop growth rate was observed under the treatment of
N120PsoKao (50% O +50% 1) (Ts), but it was at par with treatment N of T;
applied through organics (O) + FS of N at T and PI stages ( Ty ) during 2014
and on mean basis and also where treatment N of T, applied through organics
(O) + FS of N at T and PI stages (T8) was given during 2014. During the period
60- 90 DAT, treatment N of T; applied through organics (O) + FSof N at T and
Pl stages (T7) registered maximum crop growth rate during both the years and

mean basis . However, in year 2014 treatments N 120PsoKao (1) (T2), N120PsoKao
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(25% O +75% 1) N120PeoKao (25% O +75% 1) (T4), Neo P4oKzo (50% O +50 % 1)
(Ts) and N of T, applied through organics (O) + FS of N at T and PI stages (T8)
also recorded comparable values.

The relative crop growth rate declined with advancement of crop age .The early
relative growth rate (0- 30 DAT) was noticed highest with treatment N of T;
applied through organics (O) + FS of N at T and PI stages ( T; ), however it was
at par with treatments NgoPaoKszo (I) (T1), N 6o PaoK 30 (25% O +75% 1) (T3),
N120Ps0K40 (50% O +50% 1) (Ts), N of T, applied through organics (O) + FS of
N at T and PI stages (Ts) and Control during 2014 and on mean basis. More
over at 30- 60 DAT, treatment N 120PsoKao (I) (T2) gave significantly higher
relative growth rate as compared to others during both the years and mean basis.
Further, at 60- 90 DAT, treatment N of T; applied through organics (O) + FS of
N at T and Pl stages (T;) gave maximum relative growth rate which was
significantly higher than others, but it was at par to treatments Ni2o PsoKao (25%
O +75% 1) (T4) and N of T, applied through organics (O) + FS of N at T and PI
stages (Tg) during both the years as well as on mean basis.

Root volume was significantly highest under Ni20PgoKao (50% O +50% 1) (Te)
,but it was at par with treatments N120PgoKao (25% O +75% 1) (T4) during both
the years and on mean basis as well as N of T, applied through organics (O) +
FS of N at T and PI stages (Tg) during 2013.

Significantly highest number of effective tillers hill ™

was obtained with
N120Ps0Ka40 (50% O + 50% 1) (Te) during both the years as well as on mean basis,
but it was at par with N120PsoKso (25% O +75% 1) (T4) during year 2014,
Significantly longest panicle was registered with  Ni20PeoKso (50% O +50% |
(Te) during both the years as well as on mean basis, but it was at par with
treatment Ni20PsoKso (25% O +75% 1) (T4) in year 2013 and N of T, applied
through organics (O) + FS of N at T and Pl stages (Tg) during 2014 .
Significantly highest panicle weight was registered with treatment Ni20PeoKao
(50% O +50% 1) (Te) during both the years as well as on mean basis ,but it was
at par with treatments N g0 P4oK 30 (25% O +75% 1) (T3), N120PsoKso (25% O
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+75% 1) (T4) , Neo PsoKso (50% O +50 % 1) (Ts), N of Ty applied through
organics (O) + FS of N at T and PI stages ( T7) and N of T, applied through
organics (O) + FS of N at T and PI stages (Tg) during 2014 .

Number of grains panicle™ was recorded significantly highest with treatment
N120Ps0K40 (50% O +50% 1) (Ts) but it was at par with treatment N120PgoKao (25%
O +75% 1) (T4) during 2013 and on mean basis. .Further, in year 2014 treatment
N120PsoKao (25% O +75% 1) (T4) gave significantly highest number of grains
panicle™ which was at par with treatment N120PgoKao (50% O +50% 1) (Té).

The significantly highest test weight was registered with treatment Ni20PeoKao
(50% O +50% 1) (Te) during both the years and on mean basis ,but it was at par
with treatments N 120P0Kao (1) (T2), N120PsoKao (25% O +75% 1) (T4), Neo PaoKszo
(50% O +50 % 1) (Ts), N of T, applied through organics (O) + FS of N at T and
Pl stages (T;) and N of T, applied through organics (O) + FS of N at T and PI
stages (Tg) during 2013, while in 2014 it was at par with treatments N 120Ps0Kao
(1) (T2), however, on mean basis comparable values was also noted in treatments
(N120PeoKsg (25% O +75% 1) (T4).

The significantly highest grain yield was registered with treatment Ni20PsoKao
(50% O +50% 1) (Te) during both the years and on mean basis, but it was at par
with treatment N120PsoKao (25% O +75% 1) (T4) during 2013.

Significantly highest straw yield was registered with treatment N120Pg0Kao (25%
O +75% 1) (T,) but, it was at par with treatment N12oPgoK40 (50% O +50% 1) (T6)
during both the years and on mean basis as well as treatment N 120Pg0Ka4o (1) (T>2)
on mean basis.

The significantly highest N content in grain and straw was registered with
treatment Ni20PgoKao (50% O +50% 1) (Te) which remained at par with
treatments N120PeoKao (25% O +75% 1) (T4) during both the years as well as on
mean basis.

Significantly highest P content in grain and straw was registered with treatment
N120Ps0K40 (50% O +50% 1) (Ts) during both the years and on mean basis.
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Highest K content in grain was registered with treatment Ni20PsoKso (50% O
+50% 1) (Ts) during both the years and mean basis. As regards, to K content in
straw , significantly highest values were recorded under treatment Ni20PeoKao
(50% O +50% 1) (Tg), but it was at par with treatment N of T, applied through
organics (O) + FS of N at T and PI stages (Ts) during 2013 and on mean basis,
N120Ps0Kao (25% O +75% 1) (T4) on mean basis. However, in 2014, K content in
straw was significantly highest under treatment N120PeoKao (25% O +75% 1) (T4).
Significantly highest zinc content (ppm) was registered with treatment N
120Ps0Kao (1) (T>2) during both the years and on mean basis.

Iron content (ppm) was significantly highest with treatment N120PgoKao (50% O
+50% 1) (Ts) in both the years and on mean basis, but it was at par with
treatments N 120PsoKao (1) (T2) and N of T, applied through organics (O) + FS of
N at T and Pl stages  (T7) during 2014.

Significantly highest N uptake in grain, straw and in their total was noticed
under treatment N120PgoKao (50% O +50% 1) (Tg) in both the years and on mean
basis, however in year 2013, it was at par to treatment N1oPgoKso (25% O +75%
1) (Ta) .

Highest P uptake in grain, straw and in their total was noticed under treatment
N120Ps0K40 (50% O +50% 1) (Ts) in both the years and on mean basis.

The highest K uptake in grain, straw and in their total was noticed under
treatment N120PeoKao (50% O +50% 1) (Tg), during both the years and on mean
basis, except total K uptake which was recorded significantly highest under
treatment N120PeoKao (25% O +75% 1) (T4) during 2014. Further, in case of straw
and it total of grain and straw treatment Ni20PgoKao (25% O +75% 1) (T,) also
recorded comparable values.

Significantly highest head rice recovery was registered with treatment N of T,
applied through organics (O) + FS of N at T and PI stages (Tg) during both the
years and on mean basis.

Longer paddy length was registered under treatment N of T, applied through
organics (O) + FS of N at T and PI stages (Tg), but it was at par with N of T,
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through organic + 2 F S N (T7) during 2013 and on mean basis, while, in the year
2014 treatment N of T; through organic + 2 F S N (T7) registered significantly
highest value which was at par with treatment N of T, organic + 2 F S(Tg).
Further, paddy breadth during both the years and on mean basis was significantly
highest under treatment N of T, applied through organics (O) + FSof N at T and
Pl stages (Tg). The L/B ratio of paddy in 2013 was significantly highest with
treatment N120Ps0Ka4o (50% O +50% 1) (Ts) which was at par with treatments Ngo
P40K30 (50% O +50 % 1) (Ts), N of T, through organic+ 2 F S N (T7) and N of T,
organic + 2 F S(Tg), while in year 2014 and on mean basis ,treatment N 120Ps0K4o
(D) (T>) noticed significantly highest L/B ratio which was at par with treatment N
T through organic+ 2 F SN (Ty) .

Significantly highest gross return was registered with treatment N1,0PgoK40 (50%
O +50% 1) (Te) during both the years and on mean basis, but it was at par with
treatments N go P4oK 30 (25% O +75% 1) (T3), N120PsoKao (25% O +75% 1) (T4)
and Ngo P4oKsp (50% O +50 % 1) ( Ts) with additional treatment NgoP4oKso (1)
(T1) and N of T, applied through organics (O) + FS of N at T and Pl stages (Ts)
during 2014 .

Net return was significantly highest with treatment N120PgoKao (25% O +75% 1)
(T4) during both the years and on mean basis , but it was at par with treatments
NeoP2oK3o (1) (T1 ), N 120PgoKao (1) (T2) , N 6o PaoK 30 (25% O +75% 1) (T3) , and
Neo P40K30 (50% O +50 % 1) ( Ts) and N120PeoKao (50% O +50% 1) (Te)

Highest B:C ratio was registered with treatment N of T, applied through organics
(O) + FS of N at T and PI stages (Tg) during both the years and on mean basis.
Significantly highest energy use efficiency was registered with treatment Ngo
P40K30 (50% O +50 % 1) (Ts) during both the years and on mean basis

Energy output input ratio was significantly highest with treatment Ngo P4oK3o
(50% O +50 % 1) (Ts) during both the years and on mean basis.

Highest energy productivity was registered with treatment Ngo P40Kso (50% O
+50 % 1) (Ts) during both the years and on mean basis.
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o Significantly highest energy intensiveness was registered with treatment N
120Ps0Kao (1) (T2) during both the years and on mean basis.

e The production efficiency was significantly highest registered with treatment
N120Ps0Ka0 (50% O +50% 1) (Tg) during both the years and on mean basis.

CONCLUSIONS

The results of present findings on red rice are concluded as under:

1. The genotype RR 12 EN-11 with spacing 20 cm x10cm and fertility level of
120:60:40 N:P,0s:K,0 kg ha™ registered significantly highest grain yield,
nutrient uptake, net return and B:C ratio during both the years and it was
followed by genotype RR 14 EN-8 with spacing 15 cm x10cm and fertility
level of 120:60:40 N:P,0s:K,0 kg ha™.

2. Significantly highest rice grain yield, head rice recovery and paddy breadth
during both the years and on mean basis was registered under treatment
NgoPsoKao+Zn +S; +B, but it was at par with treatment NixoPgoKeo FYMs; .
However, nutrient uptake, length and L/B ratio of paddy were significantly
highest under later treatment.

3. Significantly highest rice grain yield was registered under treatment N120Pg0Kao
(50% O + 50% 1) during both the years and on mean basis, but it was at par with
treatment N120PeoK:40 259 Org +75 % Ino. However, significantly highest head
rice recovery, length and breadth of paddy and L/B ratio was registered with
treatment N of T, applied through organics (O) + FS of N at T and PI stages

during both the years and on mean basis.



Suggestions for future research work

211

In the context of experience gained during the course of investigation and result

obtained, it is felt that following point should be given due consideration in future

studies:

1. Studies need to be conducted to evaluate the existing several others genotypes

which have good field potential of red rice in Bastar plateau.

2. Studies need to be conducted to evaluate the existing several others genotypes

and effect of macro and micronutrient management on productivity and quality

of red rice.

3. Long term studies are required for the influence of organic, inorganic and INM

on nutrient balance in soil and its uptake by red rice.

4. Studies need to be conducted to evaluate the existing several genotypes for

lodging resistance.

5. There is a need to develop complete package and practices (date of sowing,

methods of cultivation, fertilizer management, weed control, plant protecti

etc.) for red rice in Bastar plateau.

on

6. Studies need to be conducted to evaluate the multi location trials on red rice for

its sustainable yield in Chhattisgarh.
7. Studies need to be conducted to evaluate the marketing prospects and potent

of existing several genotypes of red rice in Bastar plateau.

ial
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Appendix I: Weekly meteorological data during the crop growth period (22 to 48
SMW) of kharif 2013)

Temp. (°C . RH (% . Evapo- Sun

Week P-€) Rain- ) Wind ratign. Shine

Date . fall Speed

No. Max. Min. (mm) | I (Kmph) (mm  (hours

PV day’) day?)
22 28 May-3 June  35.0 24.7 145 86 26 6.1 7.3 6.5
23 4 June -10 June  34.0 258 1022 87 38 35 6.6 5.7
24 11 June-17 June 27.2 229 2142 91 83 2.2 1.9 0.5
25 18 June -24 June 30.9 229 1114 86 86 1.0 34 2.9
26 25June-1July  28.0 22.8 489 90 84 4.9 1.4 2.1
27 2 July -8 July 30.1 22.8 286 92 51 4.5 1.5 3.4
28 9July-15July  28.0 22.7 365 91 66 5.3 1.3 1.4
29 16 July -22 July ~ 27.0 22.2 86 92 70 6.3 1.0 0.0
30 23 July -29 July  25.6 21.6 85.2 92 74 8.6 0.6 0.0
31 30July-5Aug  25.9 21.6 920 89 70 6.7 0.8 0.6
32 6 Aug -12 Aug  28.3 22.4 521 91 61 4.4 1.9 1.6
33 13 Aug-19 Aug 30.1 23.1 36.4 89 54 3.3 2.6 4.5
34 20 Aug-26 Aug 27.6 22.0 333 90 61 9.1 2.0 2.9
35 27 Aug-2 Sep 29.2 22.1 20.1 88 51 4.1 3.7 3.8
36 3 Sep -9 Sep 30.3 21.7 266 92 55 3.1 4.1 34
37 10 Sep -16 Sep 30.7 21.7 579 91 45 1.7 4.7 7.3
38 17Sep-23Sep  29.1 22.0 11.3 91 55 35 5.5 3.1
39 24 Sep-30Sep 305 21.4 380 90 50 2.8 4.2 5.5
40 1 Oct -7 Oct 29.9 21.1 538 90 55 3.9 2.2 3.8
41 8 Oct -14 Oct 29.6 21.2 202 90 51 4.7 2.1 3.6
42 150ct-21 Oct  30.1 19.7 300 93 50 1.4 3.0 7.2
43 22 0ct-280ct  26.2 20.6 765 94 73 5.4 1.7 1.5
44 29 Oct-4 Nov 28.6 17.0 0.0 91 53 1.8 3.0 7.3
45 5Nov-11 Nov  30.6 21.0 13.6 90 47 2.7 2.2 4.3
46 12 Nov -18 Nov ~ 26.2 12.1 0.0 90 44 2.2 2.1 6.7
47 19 Nov -25 Nov  28.0 16.3 38 90 54 4.3 2.2 4.1
48 26 Nov-2 Dec 29.0 15.6 0.0 90 45 3.7 2.7 5.9
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Appendix Il: Weekly meteorological data during the crop growth period (22 to

48 SMW) of kharif 2014

Temp. (°C) . R H (%) . Evapo- Sun

Week Rain- Wind ration. Shine

No. Date Max. Min fall I I Speed (mm  (hours
' - (mm) (Kmph) 1 1

day”) day™)
22 28 May-3June 374 269 130 75 39 7.4 5.9 7.6
23 4 June -10June 379 27.1 11.9 80 39 6.7 59 5.6
24 11 June -17 June 37.9 26.5 28.1 76 41 7.5 6.5 4.8
25 18 June -24 June 33.3 25.6 10.0 80 51 6.7 49 2.5
26 25June-1July 336 244 93.3 86 52 6.4 3.9 2.1
27 2 July -8 July 33.7 25.3 24.0 80 55 45 3.7 1.3
28 9 July -15 July 293 239 1050 94 68 5.8 1.7 1.4
29 16 July-22 July 255 23.0 106.2 93 90 9.4 1.1 0.0
30 23 July -29 July  27.1 23.0 88.0 92 81 6.2 2.2 0.9
31 30 July -5 Aug 27.2 23.7 61.5 94 83 6.4 1.7 0.9
32 6 Aug -12 Aug 30.0 249 46.0 88 69 5.9 4.2 3.9
33 13 Aug-19Aug 301 248 1004 89 73 34 34 1.7
34 20 Aug -26 Aug 304 247 70.2 93 75 1.9 3.4 4.1
35 27 Aug-2 Sep 277 23.2 98.2 95 81 3.3 2.4 0.1
36 3 Sep -9 Sep 275 232 1741 93 81 2.6 2.2 0.4
37 10 Sep -16 Sep 28.9 23.7 39.6 93 77 1.3 3.6 2.0
38 17 Sep -23 Sep 29.6 23.7 83.4 9% 76 2.7 1.9 2.2
39 24 Sep -30 Sep 316 22.3 0.0 94 60 - 3.0 7.1
40 1 Oct -7 Oct 316 224 0.0 96 58 - 3.5 7.5
41 8 Oct -14 Oct 283 224 1066 95 75 114 2.3 3.3
42 15 Oct -21 Oct 30.0 20.9 2.4 95 67 2.5 2.9 7.5
43 22 Oct -28 Oct 29.1 194 5.8 94 70 2.4 2.2 6.2
44 29 Oct-4 Nov 28.0 15.3 0.0 97 67 3.7 2.4 8.1
45 5Nov-11Nov 29.2 156 0.0 93 42 4.1 2.7 5.6
46 12 Nov-18 Nov 304 18.2 0.8 95 42 2.5 2.5 55
47 19 Nov-25Nov 289 116 0.0 96 53 2.2 3.8 8.7
48 26 Nov-2 Dec 28.4 10.3 0.0 97 42 2.3 2.5 8.7
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Appendix Il1: Standard value for calculation of energy relationship during the

course of investigatio

S.No. Input/output form Unit Energy coefficient (MJ)
1. Labour (adult man) Man hour™ 1.96
(adult woman) Woman hour™ 1.57

2. Diesel Litre ™ 56.31
3. Chemical fertilizer

N kg™ 60.00

P20s kg™ 11.10

K,0 kg™ 06.70
4. Fungicide Litre™ 120
5. FYM kg™ 0.30
6. Seed Kg™ 14.70
7. Straw Kg™* 12.50

Source: research bulletin (1984): Energy audit of crop production system. School of

energy studies for Agriculture, PAU, Ludhiana
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Appendix 1V: Values for calculation of cost of cultivation of rice

S No. Particulars Inputs Rate , Rs.

2013 2014
A Fixed cost
1. Land preparation Tractor (5 hr) Rs 500 hr Rs 500 hr
2. Seed 40 Kg ha™ 12 Rs Kg* 12 Rs Kg*
3. Seed treatment 120 g 5¢* 5¢*
4, Nursery 5 man days 147 man day”’ 156 man day™
5. Transplanting 60 man days 147 man day’ 156 man day™
6. Plant protection 5 man days 147 man day”’ 156 man day™
7. Top dressing of urea 5 man days 147 man day”’ 156 man day™
8. Harvesting 50 man days 147 man day”’ 156 man day™
9. Threshing 30 man days 147 man day”’ 156 man day™

and winnowing

B Variable cost

1. Fertilizer N 12.21 kg™ 12.21 kg™
P 23.77 kg™ 23.77 kg™
K 10.50 kg™ 10.50 kg™

2. FYM 5that 7000 t ha™ 7500 t ha™
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