Flag Leaf Nutrition for Enhancing Resource Use Efficiency

in Rice (Oryza sativa L.)

SURYA, M.S.

DEPARTMENT OF AGRONOMY
COLLEGE OF AGRICULTURE
VELLAYANI, THIRUVANANTHAPURAM- 695 522
KERALA, INDIA

2015



Flag leaf nutrition for enhancing resource use

efficiency in rice (Oryza sativa L.)

by
SURYA, M. S
(2013-11-207)

THESIS

Submitted in partial fulfilment of the
requirement for the degree of

MASTER OF SCIENCE IN AGRICULTURE

Faculty of Agriculture
Kerala Agricultural University

\TU
KT

DEPARTMENT OF AGRONOMY
COLLEGE OF AGRICULTURE
VELLAYANI, THIRUVANANTHAPURAM- 695 522
KERALA, INDIA

2015



DECLARATION

I, hereby declare that this thesis entitled “Flag leaf nutrition for enhancing
resource use efficiency in rice (Oryza sativa L.)” is a bonafide record of research
work done by me during the course of research and that the thesis has not previously
formed the basis for the award to me of any degree, diploma, associateship,

fellowship or other similar title, of any other University or Society.

Vellayani SURYA, M.S
Date: 4/9/15 (2013 -11-207)



CERTIFICATE

Certified that this thesis, entitled “Flag leaf nutrition for enhancing resource
use efficiency in rice (Oryza sativa L.)” is a record of research work done
independently by Ms. Surya, M.S. under my guidance and supervision and that it has
not previously formed the basis for the award of any degree, diploma, fellowship or

associateship to her.

Vellayani, Dr. Shalini Pillai, P.

Date: 4/9/15 (Major Advisor, Advisory Committee)
Associate Professor (Agronomy)
College of Agriculture
Vellayani.



CERTIFICATE

We, the wundersigned members of the advisory committee of
Ms. Surya, M.S., a candidate for the degree of Master of Science in Agriculture
with major in Agronomy, agree that the thesis entitled “Flag leaf nutrition for
enhancing resource use efficiency in rice (Oryza sativa L.)” may be submitted by
Ms. Surya, M.S., in partial fulfilment of the requirement for the degree.

Dr. Shalini Pillai, P.

(Chairman, Advisory Committee)
Associate Professor (Agronomy)
Department of Agronomy
College of Agriculture, Vellayani

Dr. Sheela, K.R.

(Member, Advisory Committee)
Professor (Agronomy)
Depatment of Agronomy
College of Agriculture, Vellayani

Dr. Manju, R.V.

(Member, Advisory Committee)
Associate Professor

Department of Plant Physiology
College of Agriculture, Vellayani

Dr.M. Meerabai

(Member, Advisory Committee)
Professor and Head (Agronomy)
Department of Agronomy
College of Agriculture, Vellayani

Dr. Vijayaraghavakumar
(Member, Advisory Committee)
Professor and Head

Department of Agrl. Statistics
College of Agriculture, Vellayani

EXTERNAL EXAMINER

Dr. Santhi Ponnuswami
(Professor, Agronomy)
Directorate of Open and Distance
Learning

TNAU, Coimbatore



ACKNOWLEDGEMENT

First and foremost | bow my head before the God Almighty whose grace has
endowed me the strength and confidence to complete the thesis work successfully on
time.

With immense pleasure | avail this opportunity to express my deep sense of
gratitude and indebtness to my major advisor Dr. Shalini Pillai P, Associate
Professor, Department of Agronomy, for her expert guidance, constructive
suggestions, motherly approach, constant encouragement, affectionate advice and
above all, the extreme patience in understanding and wholehearted co-operation
rendered throughout the course of my study. | consider myself very fortunate in
having the privilege of being guided by her. This work would not have been complete
without her valuable help and support so | express my sincere thanks to my lord
Krishna for giving me such a supportive guide.

| would express my sincere gratitude to Dr. M. Meerabai, Professor and
Head, Department of Agronomy for her continuous and timely advice and guidance
at all the stage of research work.

I thankfully acknowledge Dr. Sheela. K.R. Professor, Department of
Agronomy for her meticulous help, unwavering encouragement, forbearance, well
timed support and critical scrutiny of the manuscript which has helped a lot for the
improvement and preparation of the thesis.

| am greatly thankful to Dr. Manju. R. V. Associate Professor, Department
Plant Physiology for her friendly approach, constructive criticisms and help rendered
of during the course of study.

| accord my sincere thanks to Dr. Vijayaraghavakumar, Professor and Head,
Department of Agricultural Statistics for his co-operation during the statistical
analysis of the data.

| am thankful to Dr. Geethakumari, V.L. Professor, Department of Agronomy
for her wholehearted support and care which persuaded me to sail towards
completion of the thesis.

I gratefully acknowledge Dr. Babu Mathew, Associate Professor and Head,
Instructional Farm, Vellayani, whose helping hands supported me in my difficult
times.



I wish to thank each and every teaching and non-teaching staffs of
Agronomy Department and Instructional farm for their sincere and wholehearted
co-operation throughout the research work.

Teachers plant seeds of knowledge that grows forever and the influence of a
good teacher can never be erased. | take this opportunity as a pleasure to
acknowledge all my beloved teachers who moulded me. I am greatly honoured
with their presence in all the phases of my life. Thank you; Umamaheswaran Sir
and Bhaskaran Sir for inspiring and directing me to the right path.

My heartfelt thanks to my classmates Arya, Anjana and Soumya for their
love, moral support and much more. I wish to express my gratefulness to my
juniors for their timely help and support. I find special pleasure in expressing whole
hearted thanks to my seniors for their valuable advice and guidance during course
of my work. I am thankful to my 09 batch and all my PG batch mates for their
selfless help, support and motivation throughout the period of my study.

I am thankful to the Kerala Agricultural University for providing the Kerala
Agricultural University Junior Fellowship.

At this moment, | recall with love and gratitude, the constant encouragement
and inspiration given to me by my family members, especially my mother. I am deeply
obliged to them in making this endeavour a success.

I would also like to express my sincere apologies, if ever | failed to mention

any names. | am intensely grateful to one and all for being a part in the triumphant
completion of the study.

Surya, M.S.

Vi



TABLE OF CONTENTS

SI. No. Content Page No.
1. INTRODUCTION 1
2. REVIEW OF LITERATURE 4
3. MATERIALS AND METHODS 17
4. RESULTS 34
5. DISCUSSION 87
6. SUMMARY 102
7. REFERENCES 107
ABSTRACT

APPENDICES

vii



LIST OF TABLES

Table
No. Title oo
1. Mechanical composition of the soil at the experimental site 18
2. Chemical properties of the soil of the experimental site 18
3. Important characters of rice variety Aiswarya (PTB 52) 19
4. Nutrient sources used for flag leaf nutrition 20
5 Effect of nutrient sources, growth stages and their interaction on plant 35
' height, cm
5 Effect of nutrient sources, growth stages and their interaction on 38
' number of tillers per hill, nos.
v Effect of nutrient sources, growth stages and their interaction on leaf 39
' area index
8 Effect of nutrient sources, growth stages and their interaction on flag 40
! leaf area, cm?
Effect of nutrient sources, growth stages and their interaction on days
9. to panicle exsertion, days to 50 per cent flowering, number of latent 41
tillers hill™* and leaf area duration
Effect of nutrient sources, growth stages and their interaction on
10. e : ) 44
specific leaf weight, g m
Effect of nutrient sources, growth stages and their interaction on
11. ) R 45
relative growth rate, mg g day
Effect of nutrient sources, growth stages and their interaction on
12. L oo 46
net assimilation rate, mg cm™ day
Effect of nutrient sources, growth stages and their interaction on
13. . ¥ 49
chlorophyll content in flag leaf, mg g
Effect of nutrient sources, growth stages and their interaction on
14. : X & 51
carotenoid content in flag leaf, mg g
15 Effect of nutrient sources, growth stages and their interaction on total 55
" | soluble protein, mg g*
Effect of nutrient sources, growth stages and their interaction on
16. nitrogen use efficiency, agronomic efficiency and apparent recovery 57
efficiency
Effect of nutrient sources, growth stages and their interaction on
17. S 2 . ) . : 63
productive tillers per m*, panicle length and grain weight per panicle
Effect of nutrient sources, growth stages and their interaction on
18. spikelets per panicle, filled grains per panicle, sterility percentage and 64

thousand grain weight

viii



Table . Page
No. Title No.
Effect of nutrient sources, growth stages and their interaction on
19. S : : : ) 67

grain yield, straw yield, harvest index and grain to straw ratio
Effect of nutrient sources, growth stages and their interaction on index
20. ) 69
leaf analysis (N, P, K), per cent
21 Effect of nutrient sources, growth stages and their interaction on index 20
' leaf analysis (Ca, Mg, S), per cent
22 Effect of nutrient sources, growth stages and their interaction on 75
" | uptake of N, P and K, kg ha™*
23 Effect of nutrient sources, growth stages and their interaction on 76
' uptake of Ca, Mg and S, kg ha™ and crude protein content of grain
24 Effect of nutrient sources, growth stages and their interaction on 80
' organic carbon and available NPK status of soil after the experiment
o5 Effect of nutrient sources, growth stages and their interaction on 81
' available Ca, Mg and S status of soil after the experiment, mg kg™
Effect of nutrient sources, growth stages and their interaction on cost
26. o : : . 85
of cultivation, gross income, net income and BC ratio
7 Effect of flag leaf nutrition on net returns per rupee invested on 86

manures and fertilizers, T. T2,




LIST OF FIGURES

Figure Title Between
No. Pages
1 Weather data during the cropping period 19-20
' (July to October 2014)
2. Lay out of the experimental field 22-23
3 Effect of nutrient sources on flag leaf area (cm?) at different 88-89
' crop growth stages
4. Effect of nutrient sources on latent tillers hill™ 88-89
5 Effect of nutrient sources on plant pigments (mg g™) at 91-92
' flowering stage
6 Effect of nutrient sources on productive tillers m? and | 91-92
" | spikelets panicle™
7 Effect of nutrient sources on filled grains panicle™ and 94-95
' sterility percentage
8. Effect of flag leaf nutrition on yield, t ha™ 94-95
9 Effect of nutrient sources on percentage of dry matter 99-100
' partitioned towards grain and straw
10. | Effect of nutrient sources on BC ratio 99-100
11 Returns per rupee invested on organic manure (FYM) and 100-101

chemical nutrient sources, Z.% !




LIST OF PLATES

Plate
Title Between
No: pages
1. | General view of the experimental field 22-23
2. Flag leaf nutrition in the field 23-24




LIST OF APPENDICES

SI. No. Title Appendix No.
. Weather data during the cropping period |
| (June 2014 to October 2014)
2. Average input cost and market price of produce I

xii



LIST OF ABBREVIATIONS

AE Agronomic efficiency
ARE Apparent recovery efficiency
B:C Benefit cost ratio

BCR Benefit cost ratio

Ca Calcium

CD (0.05) Critical difference at 5 per cent level
CEC Cation exchange capacity
cm Centimeter

cm’ Centimeter square

DAS Days after sowing

DAT Days after transplanting
Day™ Per day

DMP Dry matter production
DMSO Di methyl sulphoxide
dSm™ Deci Siemens per metre
EC Electrical conductivity

et al. Co- workers/ co- authors
Fig. Figure

FLN Flag leaf nutrition

FYM Farmyard manure

g Gram

gL? gram per litre

gm? Gram per square metre
ha Hectare

HI Harvest index

hill™* per hill

i.e. that is

Xiil



K Potassium

KAU Kerala Agricultural University
kg Kilogram

kg ha™ Kilogram per hectare
LAD Leaf area duration

LAI Leaf area index

log Logarithm

L ha Litre per hectare

m Metre

m™ per square metre

Mg Magnesium

mg milli gram

mg g~ milli gram per gram
mg g day’ milli gram per gram per day
mL millilitre

mL L™? Millilitre per litre

mm millimetre

MOP Muriate of potash

MSL Mean sea level

nos. Numbers

N Nitrogen

NAR Net assimilation rate
NO3-N Nitrate nitrogen

NS Not significant

NUE Nitrogen use efficiency
P Phosphorus

Pl Panicle initiation

plant ™ per plant

panicle™ per panicle

POP Package of practices

Xiv



Negative logarithm of hydrogen ion

PH concentration
RBD Randomized Block Design
RARS Regional Agricultural Research Station
RGR Relative growth rate
RH Relative humidity
S Significant
SEm Standard error of mean
S Sulphur
SLW Specific leaf weight
t time
tha™ Tonnes per hectare
viz. Namely
LIST OF SYMBOLS
% per cent
°c Degree Celsius
@ at the rate of

Rupees

XV



Introduction



1. INTRODUCTION

Rice (Oryza sativa L.), a crop that has moulded diets, cultures and economies
world over, is incidentally the only agricultural commodity to realize two years
designated as ‘international’ in its honour. In 2012, nearly half of the world’s
population — more than 3 billion people relied on rice every day. Among the food
grains, the demand for rice continues to grow and is projected to increase by more
than 50 per cent over the next few decades (Zeigler, 2012). Food security in India
(450 million tonnes of food grains to feed 1.6 billion by 2050) is a challenge
(Siddig, 2000). A staple crop for more than three billion population worldwide, rice
has been a focused research subject for agriculture scientists (Fageria, 2007;
Lietal., 2011).

Grain vyield is a complex trait, controlled by a series of biochemical and
physiological processes. The grain-filling process of rice, in particular, is of great
interest, as it directly relates to the productivity as well as quality of the rice.
Although cultivars with large or extra-heavy panicles are available with the
unrelenting efforts by the scientists, the theoretical maximum vyield has not been
realized due to poor grain-filling characteristics, such as non or slow-filling of the
grains (Peng et al., 1993; Yang et al., 2002; Ao et al., 2008) clubbed together with
low fertilizer use efficiency. The low grain filling rate and grain weight implicating a
reduced grain yield often result from limited carbohydrate supply, especially under

nutrient deficiency (Yang et al., 2003).

In rice, 60 to 90 per cent of the total carbohydrates in the panicles at harvest
are derived from the photosynthesis after panicle initiation (Tari et al., 2009). Plant
leaves being the organ of photosynthesis is considered to be the important
determinant and characterized for higher photosynthetic capacities (Asana, 1968).
Grain filling is sustained by current photosynthesis of the upper parts of the plant, i.e.

the flag leaf and penultimate leaves and the ear (Tambussi et al., 2007). The top three



leaves, especially the flag leaf contributes most to grain yield. Thus leaf senescence
during the reproductive and maturity stages is directly related to biomass production

and grain yield of rice (Misra et al., 1997).

Flag leaf plays a major role in the synthesis and translocation of
photoassimilates to the rice seeds, affecting grain yield. Removal of the rice flag leaf
at any stage after panicle emergence was reported to cause significant reduction in
grain yield (Singh and Ghosh, 1981). It has been proved that the flag leaf, stem and
head are the closest source to the grain. Senescence in cereals is regulated at the indi-
vidual leaf level, with older leaves mobilizing nutrients to younger leaves and
eventually to the flag leaf (Gregersen et al., 2008). Khalifa et al. (2008) reported that
flag leaf contributed to 45 per cent of rice grain yield and served as a major source for
remobilized minerals for the grains. Thus flag leaf has been assigned an important
role in terms of supply of photosynthates to the grains (Asana, 1968), increasing grain

yield (Raj and Tripathi, 2000) and in enhancing productivity (Padmaja, 1991).

At present, most of the research is directed towards the irrigated
environments, even in areas where lowland rainfed rice predominates. The yield of
rice under rainfed lowland conditions are almost always lower than that under
irrigated or otherwise optimum conditions (Mackill et al., 1996). Many factors are
responsible for increasing the yield and quality of crops - proper and balanced
fertilizer application being the most important one. The recovery of nutrients,
especially fertilizer nitrogen applied to the rice crop is seldom more than 30 to 40 per
cent. Even with the best agronomic practices and strictly controlled conditions the
recovery seldom exceeds 60 to 65 per cent (De Datta, 1981).

In the case of mobile nutrients, availability changes periodically with the
mineralization of organic matter and losses due to leaching, denitrification and
volatilization in soil plant systems. In rice, an increase on N during the late growth

stage decreases the amount of non-productive tillers, prevents root and leaf



senescence, increases photosynthesis, accelerates matter translocation, and improves
grain-filling. Therefore, such practice can result in an increased seed-setting
percentage, high yield and improved quality of rice (Perez et al., 1996). Foliar
nutrition when used as a supplement to the recommended soil fertilizer application is
highly beneficial, as the crop gets benefited from foliar applied nutrients when the
roots are unable to meet the nutrient requirement of the crop at its critical growth

stages.

Keeping the above in view, the present study was undertaken to assess the
possibility of increasing the resource use efficiency of lowland rice by supplementing
the recommended nutrient management practice with foliar nutrition during the

reproductive stage of rice. The main objectives of the study were

e To assess the effect of flag leaf foliar nutrition on partitioning of
photosynthates

e To assess the effect of flag leaf foliar nutrition on growth and productivity of
rice

e To work out the economics of the practice in lowland rice cultivation system
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2. REVIEW OF LITERATURE

Most of the rice researches are directed towards the irrigated
environments, even in areas where lowland rainfed rice predominates. The yield
of rainfed lowland rice is always lower than that under irrigated conditions. To
achieve high vyield without an increase in maximum rate of net carbon
assimilation, the rice plant will require a considerable delay in leaf senescence and
maintenance of leaf nitrogen status during an extended grain filling duration.
Nutrient management options which aims at delaying the senescence of leaves,
closely relates to leaf metabolism and better grain filling.

In this chapter a detailed review on research done on the importance of
flag leaf in rice and the effect of foliar application with different nutrient sources
during the reproductive phase of rice are presented. Emphasis has been given for
the effect of the practice in delaying leaf senescence and consequent vyield

improvement in rice.
2.1 SIGNIFICANCE OF FLAG LEAF

Leaf position on the plant is one of the major factors affecting the
efficiency of leaf photosynthesis. In most of the cereals, the flag leaf is most
active. The flag leaf stays longest on the plant and makes a major contribution to

the grain yield in cereals.

The flag leaf plays a very important role in grain filling in small grain
crops such as rice, wheat, barley, oats, etc. because of its position on the culm. It
is the topmost leaf and as such it intercepts lot of radiation. Further, the
translocation of assimilates from the flag leaf (source) to the panicle (reproductive
sink) is enhanced by the proximity of the flag leaf to the sink. Thus flag leaf is
considered as an activist leaf during the grain filling period. Thus flag leaf area
could be a choosing factor for increasing rice grain yield. Flag leaves are
characterised by long-term photosynthetic activity, which is particularly important
during grain filling when the older leaves die off (Loss and Siddique, 1994,



Turner, 1997). Under favourable conditions, approximately 70 to 90 per cent of
the total grain yield is derived from the photosynthates accumulated during grain

filling period (Inoue et al., 2004)

In rice 60 to 90 per cent of the total carbon in panicles at harvest is derived
from photosynthesis after heading, while 80 percent or more of nitrogen in the
panicles at harvest is absorbed before heading and remobilised from the
vegetative organs (Mae, 1997). Leaf senescence during reproductive and maturity
stages is directly related to biomass production and grain yield in rice (Misra et
al., 1997).

Flag leaf plays an important role in the assimilation and translocation of
assimilates in the rice plant, and thus ultimately influence the grain yield (Singh
and Ghosh, 1981). The top three leaves, especially the flag leaf contributes most
to rice grain yield (Ray et al., 1983; Misra, 1986). Flag leaf has an important role
in rice yield by increasing the grain weight by 41 to 43 per cent (Rao, 1997).
Experiments conducted to study the effect of leaf cutting on the yield of rice
revealed that flag leaf contributed maximum to the rice grain yield and its

contribution was as high as 45 per cent (Khalifa et al., 2008).
2.2 EFFECT OF FOLIAR NUTRITION

Soil feeding of nutrients is a normal practice in rice, but has limitations
with respect to its availability to the plants. The nutrients can be applied very
effectively as foliar sprays. Foliar feeding is best used with secondary or
micronutrients where plant requirements are relatively small. For major nutrients
it is necessary to use several foliar applications in order to supply enough of that
nutrient to significantly improve crop yield or quality. The elements such as
phosphorus, potassium and most of the micronutrients are fixed in the soil
complex while the more soluble nutrients such as nitrogen are easily leached
down the soil. Foliar application is one such technique which reduces the losses of
nutrients through immobilization, denitrification, and leaching especially with

nitrogen and increases the utilization rate of nutrients.



Foliar application of nutrient solutions partially alleviates the adverse
effects of salinity on photosynthesis and photosynthesis-related parameters, yield
and yield components through mitigating the nutrient demands of salt-stressed
plants. Foliar spray of nutrients increased the photosynthesis, dry matter
accumulation, tiller number, dry weight, leaf area, number of fertile spikelet in the

panicle and grain yield of rice (Hasegawa et al., 2000).

Strong (1982) reported that foliar application resulted in higher grain
protein content levels than when nutrient was broadcasted as dry granule fertilizer
at late growth stages on wheat. Sharpley et al. (1994) observed that foliar
application not only increased the efficiency of nutrient uptake but also decreased
cost of production of cereal crops. Babu (1996) could observe higher chlorophyll

content in medium duration rice with enhanced NPK rates.

Foliar application provides more rapid utilization of nutrients and permits
correction of observed deficiencies in less time than that of soil application
(Gooding and Davis, 1992). Foliar spray of fertilizer did not only increase the
crop yields but also reduced the quantities of fertilizer applied through soil. Foliar
application can also reduce the lag time between application and uptake by the
plant (Ahmad and Jabeen, 2005).

Amberger (1996) observed that foliar application reduces the losses of
nutrients through immobilization, denitrification and leaching especially with
nitrogen and increased the utilization rate of nutrients. Multiple split foliar
applications of nitrogeneous fertilizers can increase nitrogen use efficiency
(Cassman et al., 1998) and reduce N losses (Ding et al., 2003).

Foliar nutrition when used as a supplement to the recommended soil
fertilizer application is highly beneficial as the crop gets benefited from foliar
applied nutrients when the roots are unable to meet the nutrient requirement of the

crop at its critical growth stage (Brar and Brar, 2004).



Ahmad and Jabeen (2005) revealed that foliar spray of nutrients increased
grain yield of transplanted aman rice upto 9.33 per cent over conventional
method. Sterility percentage and weed infestation were also lower for foliar

nutrition.

Fageria and Baligar (2005) opined that the availability of mobile nutrients
like N to plants changes periodically with the mineralization of organic matter and

losses due to leaching, denitrification and volatilization in soil plant systems.

Girma et al. (2007) reported that foliar application is a visible economic
way to supplement the plant nutrients for more efficient fertilization. Foliar
application of phosphorus could be used as an efficient phosphorus management
tool in wheat when applied at appropriate growth stage and rate.

2.3 IMPORTANCE OF FLAG LEAF NUTRITION

Crop vyield is determined by the efficiency of photosynthesis, assimilates
transport and distribution. Nutrients especially the major nutrients contribute to
leaf area expansion and affects leaf longevity, thus influencing the efficiency of
photosynthesis. Flag leaves play an important role in synthesis and translocation
of photo assimilates in the rice plant, affecting grain yield, similarly they were

believed to be a major source of remobilized minerals for the seeds.

Mahmood and Chowdhry (1997) reported that in wheat 34.5 per cent grain
yield reduction was reported after flag leaf removal at the heading stage. Rao
(1997) revealed that flag leaf is the activist leaf at grain filling period and could be
chosen as a factor for increasing grain yield of rice.

Flag leaf is of utmost importance in cereals like wheat it provides
maximum amount of photosynthesis assimilates to be stored in grains. Yang et al.
(2002) observed that poor grain filling of indica-japonica rice hybrids is related to
poor translocation and partitioning of assimilates to the grains, resulting in more

resources for vegetative growth.



Dutta et al. (2002) observed that there was a positive correlation between
flag leaf angle and photosynthesis material translocation, and spikelets fertility
increases also for increasing grain yield in rice. A greater flag leaf area will
eventually help to increase photosynthetic efficiency by increasing production of
photosynthesis which is then translocated into grains increasing their weight.
Therefore flag leaf has a direct relationship to grain yield (Riaz and Chowdhry,
2003).

Birsin (2005) showed that flag leaf removal resulted in reduction in grain
per spike, grain weight per spike and 1000 grain weight and increase in grain
protein contents. Narayan et al. (2007) reported that flag leaves are believed to be
a major source of remobilized minerals for the seeds. Khalifa et al. (2008)
reported that flag leaf contributed to 45per cent rice grain yield and served as a
major source for remobilized minerals for grains. In rice 60-90 per cent of the
total carbohydrates in the panicles at harvest are derived from the photosynthesis
after panicle initiation (Tari et al., 2009). Yan and Shi (2013) identified flag leaf
soluble protein as one of the substances produced by the source which plays an

important role in increasing the grain dry matter.

Top dressing of nitrogen at full heading stage (grain fertilization) was
recommended by Matsushima and Tanaka (1967) for increasing the percentage of
ripened grains in rice. Fertilizer-N application up to panicle initiation stage is
known to increase protein content and possibly grain yield of rice (De Datta,
1970). Cassman et al. (1993) reported that increased nitrogen fertilizer rates
including a top dressing applied at flowering stage was found to increase the yield
of IR rices. Mae (1997) observed that nitrogen absorbed during panicle initiation
increases specific leaf weight and nitrogen contents in leaves which leads to
enhancement of photosynthesis capacity and promotion of carbohydrate

accumulation in culms and leaf sheaths.

Makino et al. (1985) opined that to achieve yields of 13 to 15 t ha™ in the

tropics without an increase in the maximum rate of net carbon assimilation of the



rice plant will require a considerable delay in leaf senescence and maintenance of
leaf N status during an extended grain-filling duration. The leaf senescence during
the reproductive and maturity stages is directly related to biomass production and
grain yield of rice (Misra et al., 1997). Wang et al. (2005) observed that top
dressing N and K after panicle exertion is a good cultural practice in rice, because
it enhances translocation of assimilates from the flag leaf to the panicle during
ripening. According to Sarkar et al. (2007), late application of nutrients,
especially nitrogen delayed the synthesis of abscisic acid, promoted cytokinin
activity and caused higher chlorophyll retention and thereby higher photosynthetic
activity in leaves for supply of photosynthates to the grains. Senescence in cereals
is regulated at the individual leaf level with older leaves mobilizing nutrients to
younger leaves and eventually to the flag leaf (Gregersen et al., 2008). The top

three leaves, especially flag leaf contributes most to grain yield.

Mingzhu (1996) concluded that delaying flag leaf senescence is an
important part of high yield wheat in the late stage of process of the plants growth
and development. Yield of wheat crop is affected by flag leaf physiology and the
changes in enzymatic activity affect the speed of senescence of its flag leaf
(Dingyi and Dang, 2007). Changes in enzyme activity of wheat flag leaf after
anthesis will help to elucidate the mechanism of leaf senescence and be of great

significance on delaying leaf senescence process (Xusheng et al., 2008).

Nitrogen absorbed by plant from tillering to panicle initiation tend to
increase the number of tillers and panicles, and the absorbed during panicle
development increases number of filled spikelets per panicle (De Datta, 1981).
Jiang et al. (2004) observed that the most critical times to apply nutrients are
when crop is under stress likely when plant is changing from a vegetative to
reproductive stage Heavy nitrogen during panicle development so called panicle
nitrogen fertilizer has been popular in China to improve population dynamics,
make fertilizer use more efficient and enhance grain yield in recent years.
Application of nitrogen sources after panicle initiation resulted in higher leaf area,

leaf greenness and leaf nitrogen concentration during the grain filling stage in



rice. Regression analysis revealed that flag leaf greenness and flag leaf area
accounted for about 75 per cent and 78 per cent changes in yield respectively
(Abbasi et al., 2007).

Ottis et al. (2008) opined that nitrogen availability influences the
efficiency of assimilated mobilization to sink during leaf senescence and thus
effect leaf viability and activity. Higher nitrogen fertilization contributed to an
increase in net photosynthesis rates of the flag leaf (Olszewski et al., 2014). Under
low nitrogen supply, plants use photosynthesis to maintain life functions not
related to the yield forming process.

Flag leaf contributed to 45 per cent of rice grain yield and when removed
was the major component for yield loss (Khalifa et al., 2008).

2.4 EFFECT OF DIFFERENT NUTRIENT SOURCES IN RICE

Scientists have tried different nutrient sources for their efficacy in delaying
senescence of leaves, increasing photosynthetic efficiency and promoting a

favourable source — sink dynamics.

The amount of dry matter stored in the grains, the rate of dry matter
production during the grain filling period and the length of grain filling period or
growth rate duration are the three major yield deciding criteria. Nutrient supply is
one of the major factors that decide these three (Peng et al., 1993).
Channabasavanna et al. (1996) reported increase in panicle number of rice with
increase in major nutrients upto 150:75:75 kg ha™. Luo et al. (2000) concluded
that foliar as well as soil application of nitrogen on wheat at optimum timings has
increased grain protein contents and improved bread making quality. The low
grain filling rate and grain weight implicating a reduced grain yield often result
from limited carbohydrate supply, especially under nutrient deficiency (Yang et
al., 2003). Many factors are responsible for increasing the yield and quality of
crops — proper and balanced fertilizer application being most important one (Ali et
al., 2007).

10



Nitrogen is one of the major plant nutrients required for plant growth. It is
essential for the synthesis of protein, which is the constituent of protoplasm and
chloroplasts. It is a constituent of numerous important compounds found in living
cells, including amino acid, protein (enzymes), nucleic acid and chlorophyll
(Traore and Maranville, 1999). In many cases aerial spray of nutrients is preferred
and gives quicker and better results than the soil application (Jamal et al., 2006).
Increase in nitrogen concentration at anthesis resulted in increase in leaf area
index and in intercepting the incoming photosynthetically active radiations
(Salvagiotti and Miralles, 2008). Alam et al. (2010) reported that foliar
application could be considered only as a supplement to soil application of
nitrogen. An appropriate increase in nitrogen application at late growth stage
strengthened the adversity defence ability of leaf during grain filling by delaying
degradation of chlorophyll and solute protein and prolonging photosynthesis
(Zhang et al., 2011).

Phosphorus is a major component in ATP, the molecule that provides
energy to that plant for such processes as photosynthesis, protein synthesis,
nutrient translocation, nutrient uptake and respiration. Phosphorus is also a
component of other compounds necessary for protein synthesis and transfer of
genetic material DNA, RNA (Wilson et al., 2006). Phosphorus deficiency is the
most important restrictive factor in plant growth and recognition of mechanisms
that increase plant phosphorus use efficiency is important (Sisie and Mirshekari,
2011). Pandey et al. (2013) observed that the concentration of phosphorus in soil
solution is usually 1000 times less than that of the root cell due to fixation of
phosphorus. However, when applied as foliar spray, phosphorus does not get
bound with other elements on the leaf surface, resulting in almost 100 per cent
absorption of phosphorus into the leaf.

Rice crop removes considerable amounts of potassium from the soil and
yields are highly dependent on potassium fertilization. Application of K increased
the availability of nitrogen and phosphorus (Sahai, 2004). Potassium helps in
photosynthesis, carbohydrate distribution and starch synthesis in the storage

11



organs (Imas and Magen, 2007). Son et al. (2012) reported that foliar application
of potassium nitrate (3 per cent) at panicle initiation and flowering stages
improved the grain filling and consequently the grain yield of rice. Habibi et al.
(2014) studied the effect of foliar applied potassium on the dry matter
remobilization in rice and observed that foliar application of 0.5 per cent

potassium improved the drymatter production and remobilization in rice.

Calcium (Ca®") may substantially increase N and P uptake and this may
prove to be helpful in promoting root growth (Friessen et al., 1980). As per
Kondratev et al. (1984), presence of Ca** may result in more rational utilization of
soil N and result in more active assimilation of NO3 N in roots and leaves.
Calcium increases ammonium, potassium and phosphorus absorption, stimulates
photosynthesis (Hallmark et al., 1997). Calcium, being a constituent of cell wall,
plays a key role in cellular functions and enzyme activity (Bush, 1995).

Magnesium is the only mineral constituent of the chlorophyll molecule.
Although not a constituent sulphur is required for the synthesis of chlorophyll
(Tisdale et al., 1995). Magnesium has major physiological and molecular roles in
plants, such as being a component of the chlorophyll molecule, a cofactor for
many enzymatic processes associated with phosphorylation, dephosphorylation,
and the hydrolysis of various compounds, and as a structural stabilizer for various
nucleotides. Studies indicate that 15 to 30% of the total magnesium in plants is
associated with the chlorophyll molecule (Marschner, 1995). El-Zanaty et al.
(2012) found that application of magnesium sulphate as soil and foliar treatments
increased the growth and yield of wheat. Bohri et al. (2012) reported a positive
effect for foliar application of magnesium sulphate on dry biomass accumulation,
nutrient uptake and assimilate translocation in rice. Studies conducted by Biswas
et al. (2013) revealed that application of magnesium sulphate improved the
growth and yield of paddy.

Muraleedharan and Jose (1993) found significant increase in tiller

production of rice with sulphur levels up to 30 kg per hectare and a reduction in
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the same with higher sulphur rates of 60 kg per hectare. Significantly higher tiller
number in rice has been reported with 10 kg sulphur per hectare. The yield of rice
was significantly influenced by sulphur application irrespective of source and
dose (Singh et al., 1993). Increased straw yield of rice with S application has been
reported in rice with 40 kg sulphur per hectare as optimum level. Higher sulphur

levels enhanced uptake of N, K, and S in rice (Nair, 1995).

A field experiment was conducted during rainy season of 2005 and 2006 at
Baruipur to evaluate the effect of foliar nutrition of potassium nitrate (KNO3) and
calcium nitrate (Ca(NOs3),) on growth and yield of rice. The results revealed that
foliar application of 0.406per cent Ca(NO3), followed by 0.50per cent KNOj3
during 50per cent flowering stage increased the growth parameters and yield
attributes which ultimately resulted in higher grain yield than foliar spray of 0.25
and 1.00per cent KNO3; and 0.203 and 0.812per cent Ca(NOs), and water spray.
Foliar spray of 0.406 per cent Ca (NOg), resulted in maximum grain yield (5.47 t
ha™), net returns (X 14,733 ha™) and benefit cost ratio 1.38 (Kundu and Sarkar,
2009). Tari et al. (2009) observed an increase in the flag leaf area with increase in

the application of nitrogen and potassium.

The field experiment conducted by Rani et al. (2014) to study the effect of
foliar fertilization on growth and yield of rice revealed significantly higher grain
yield when the recommended dose of fertilizers was supplemented with foliar
application of 19:19:19 complex @ 2.5 kg ha™, at tillering and panicle initiation

stages.
2.4.1 Effect on growth, yield attributes and yield

The amount of dry matter stored in the grains, the rate of dry matter
production during the grain filling period and the length of grain filling period or
growth rate duration. Nutrient supply is one of the major factors that decide these
three (Peng et al., 1993). Nair (1995) observed that the straw yield was found to

increase with sulphur levels upto 30 kg per hectare. Higher straw yield was also
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observed with 25 per cent increase in NPK level of 100:50:50 kg per hectare. He

also observed enhanced N uptake with higher sulphur levels.

Channabasavanna et al. (1996) reported that increased availability of NPK
in soil followed by increased plant uptake leads to improvement in yield
attributing characters which is reflected in grain yield. Misra et al. (1997) reported
that leaf senescence during the reproductive and maturity stages is directly related
to biomass production and grain yield of rice crop. Shen et al. (1997) observed a
progressive increase in uptake of P, K with increase in nitrogen. Lina et al. (1999)
reported greater carbohydrate translocation from vegetative plant parts to the

spikelets and larger leaf area index (LAI) during the grain filling period.

Studies have shown that foliar as well as soil application of nitrogen on
wheat at optimum timings has increased grain protein contents and improved
bread making quality (Luo et al., 2000). The low grain filling rate and grain
weight implicating a reduced grain yield often result from limited carbohydrate
supply, especially under nutrient deficiency (Yang et al., 2003). Birsin (2005)
showed that flag leaf removal resulted in approximately 13, 34, 24 per cent
reduction in grain per spike, grain weight per spike and 1000-grain weight,

respectively, and 2.8per cent increase in grain protein contents.

Rahman et al. (2007) reported that increased nitrogen application
increased grain yield in rice but further increase in nitrogen level produced higher
straw yield that ultimately gave the lower harvest index. Increase in nitrogen
concentration at anthesis results in increase in leaf area index and incoming
photosynthetically active radiations (Salvagrotti and Miralles, 2008). Tari et al.
(2009) observed that increasing the applications of nitrogen fertilization the flag
leaf area was significantly increased and flag leaf angle was decreased (P<0.01).
Kundu and Sarkar (2009) observed that foliar application of calcium nitrate 0.406
per cent followed by potassium nitrate 0.5 per cent during 50 per cent flowering
stage increased growth parameters and yield attributes of lowland rice.
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As appropriate increase of nitrogen application at late growth stage, the
adversity- defence ability of leaf was strengthened during grain filling by delaying
degradation of chlorophyll and soluble protein, prolonging photosynthesis (Zhang
et al., 2011). Studies conducted by Bhuyan et al. (2012) revealed that foliar
application of nitrogen during late growth stages reduced sterility per cent and
increased thousand grain weight and yield. Bohri et al. (2012) reported a
positive effect for foliar application of magnesium sulphate on dry biomass

accumulation, nutrient uptake and assimilate translocation in rice.
2.4.2 Effect on Physiological Parameters

Higher leaf nitrogen content results in greater leaf rubisco and increased
NAR during the grain filling period particularly in the later stages of grain filling
(Makino et al., 1985). The duration of canopy photosynthetic activity can be
prolonged by fertilizer-N application later in the growing season (Spiertz and Vos,
1985).

Mingzhu (1996) found that delaying flag leaf senescence is an important
part of high yield wheat in the late stage of process of the plants growth and
development. Nitrogen absorbed during panicle initiation increases specific leaf
weight and nitrogen contents in leaves which leads to enhancement of
photosynthesis capacity and promotion of carbohydrate accumulation in culms
and leaf sheaths (Mae, 1997). Minjun et al. (2002) showed that during growth and
development of wheat, the level of soluble protein content not only reflected the
level of plant nitrogen metabolism, but also was regarded as an important
indicator of the degree of leaf senescence, especially in wheat grain filling stage,
increasing soluble protein content of flag leaf was conducive to the maintenance
of the flag leaf growth and extending the photosynthetic function, so as to lay the

substances basis for the accumulation of grain carbohydrates.

Flag leaf is of utmost importance in cereals like wheat it provides
maximum amount of photosynthesis assimilates to be stored in grains. A greater

flag leaf area will eventually help to increase photosynthetic efficiency by
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increasing production of photosynthesis which is then translocated into grains
increasing their weight. Therefore flag leaf has a direct relationship to grain yield
(Riaz and Chowdhry, 2003). Guo et al. (2004) opined that high nitrogen
fertilization level enhances the chlorophyll and carotenoid content of leaves.

The duration of canopy photosynthesis activity can be prolonged by
fertilizer nitrogen application later in growing season (Duan et al., 2007). Yield of
wheat crop is affected by flag leaf physiological activities and the changes in
enzymatic activity affect the speed of senescence of its flag leaf (Dingyi and
Dang, 2007). Aminopeptidase activity gradually increased with the flag leaf
senescence (Gao et al., 2007). Zhang and Shangguan (2007) reported that nitrogen
application significantly increased the actual photochemical efficiency of wheat at
the jointing stage and the maximum photochemical efficiency at the flowering and

grain filling stages.

Xusheng et al. (2008) observed that studying the changes in enzyme
activity of wheat flag leaf after anthesis will help to elucidate the mechanism of
leaf senescence and be of great significance on delaying leaf senescence process.

Yan and Shi (2013) revealed that when the nitrogen application was within the

2
range of 0 to 300 kg m , with the increased amount of nitrogen, soluble protein

content, the activity of nitrate reductase and the glutamine synthetase increased.

From the above review it was observed that among all the leaves of paddy,
flag leaf plays a key role in deciding the productivity of the crop. Any practice
which could help in delaying the leaf senescence during the reproductive stage,
could improve the photosynthetic efficiency of the crop. Several studies reviewed,
showed that supplementing the recommended dose of nutrients with foliar
nutrition, towards the later stages of crop growth, (especially booting and heading
stages) could appreciably improve yield through better partitioning of assimilates

and superior grain filling.
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3. MATERIALS AND METHODS

The field experiment entitled “Flag leaf nutrition for enhancing resource
use efficiency in rice (Oryza sativa L.)” was conducted during the first crop
season (June to October) of 2014. The primary objectives of the study were to
assess the effect of flag leaf foliar nutrition on partitioning of photosynthates,
growth and productivity of rice and to work out the economics of the practice in
lowland rice cultivation system. The materials used and the methods adopted in

the conduct of the experiment are presented in this chapter.
3.1 EXPERIMENTAL SITE

The experiment was conducted in the wetlands of the Instructional Farm
College of Agriculture, Vellayani, Kerala. The experimental field is located at 8°
25’ 49” N latitude and 76° 39’ 04” E longitude at an altitude of 29 m above the

mean sea level.
3.1.1 Soil

A composite soil sample was collected prior to the experiment from 0-15
cm depth and analyzed for its physico-chemical properties. The data on the
physico-chemical properties of the soil of the experimental site are presented in
Tables 1 and 2 respectively. The chemical properties of soil were rated as per the
package of practices recommendations of the Kerala Agricultural University
(KAU, 2011).

The soil of the experimental site was sandy clay loam, acidic in reaction,
high inorganic carbon, medium in available nitrogen, high in available

phosphorus and medium in available potassium.
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Table 1. Mechanical composition of the soil of the experimental site

Sl. No. | Fractions Content Method used
(%)
1 Coarse sand 47.78
2 Fine sand 10.66 Bouyoucos hydrometer method
3 Silt 8.56 (Bouyoucos, 1962)
4 Clay 33.00

Table 2. Chemical properties of the soil of the experimental site

SI.

NoO Parameter Content | Rating | Method used
. 1 . Alkaline permanganate method
1 | Available N (kg ha™) 300.64 | medium (Subbiah and Asija, 1956)
: 1 : Bray colorimetric method
2 | Available P,0s (kg ha™) | 27.52 high (Jackson, 1973)
. 1 . Ammonium acetate method
3 | Available K0 (kg ha™) | 186.35 | medium (Jackson, 1973)
. 1 Ammonium acetate method
4 | Available Ca (mg kg™) |113.72 | very low (Jackson, 1973)
. 1 Ammonium acetate method
5 Available Mg (mg kg™) | 57.85 very low (Jackson, 1973)
. 1 . Turbidimetric method
6 | Available S (mg kg™) 10.00 medium (Chesnin and Yien, 1950)
. . Walkley and Black rapid
0,
7| Organic carbon (%) 1.78 high titration method (Jackson, 1973)
1:2.5 soil solution ratio using
8 | Soil reaction (pH) 5.50 acidic pH meter with glass electrode

(Jackson, 1973)

3.1.2 Climate and Season

The experimental site enjoys a warm humid tropical climate. The

experiment was conducted during the first crop season (Virippu), from July to

October, 2014. The data on weekly mean temperature, relative humidity, rainfall

and bright sunshine hours recorded during the cropping period were collected

from the Class B Agromet Observatory of the Department of Agricultural
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Meteorology, College of Agriculture, Vellayani. The data are presented in
appendix-1 and illustrated graphicaly in Fig.1. The mean maximum temperature
ranged between 29.2°C -30.7°C and minimum mean temperature ranged between
23.5°C - 25.7°C.

While the mean maximum relative humidity ranged from 85.0 per cent to
95.4 per cent, the minimum relative humidity ranged from 73.6 per cent to 85.9

per cent. A total rainfall of 1172.8 mm was recorded during the cropping period.
3.1.3 Cropping History of the Field

The experiment site was lying fallow for few months before the

experiment and prior to that it was under a bulk crop of rice.
3.2 MATERIALS
3.2.1 Crop and Variety

The rice variety selected for experiment was Aiswarya (PTB 52) released
from the Regional Agricultural Research Station (RARS), Pattambi. The
important varietal characters are given in Table 2. The seeds of Aiswarya were
obtained from RARS, Pattambi, Kerala.

Table 3. Important characters of rice variety Aiswarya (PTB 52)

Parameter Character

Stature Semi tall

Duration (days) 120-125

Tillering High

Flag leaf Broad and erect

Grain type Long, bold

Kernel colour Red

Stress tolerance Resistant to blast and bacterial blight
diseases and BPH

(Nair, 2011)
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3.2.2 Manures and Fertilizers

Well decomposed farmyard manure (0.48 per cent N, 0.21 per cent P,0s
and 0.42 per cent K;O) was used as the organic manure source, calcium carbonate
as the liming material and urea (46 per cent N), rock phosphate (20 per cent
P,0Os), muriate of potash (60 per cent K,O) were used as chemical fertilizers.

3.2.3 Nutrient Sources for Flag Leaf Nutrition

Potassium nitrate, calcium nitrate, magnesium sulphate and 19:19:19
complex were used as the nutrient sources for flag leaf nutrition. The composition

of nutrient sources used for flag leaf nutrition are presented in Table 4.

Table 4. Nutrient sources used for flag leaf nutrition

SI. | Nutrient source Chemical Chemical composition Price
No. formula P R kg™
. . 13 per cent N-NO3
1 | Potassium nitrate KNO; 46 per cent K,0 150
2 | Calcium nitrate Ca(NO3), %gg Bg 222: (’\:I‘;NO?’ 150
3 | Magnesium sulphate MgSO, iﬁlopggrcizmvlsg 110
10.5 per cent N-amide
10 4.5 per cent N-NH,4
4 119:19:19 complex -
P 4.0 per cent N-NO3 180
19.0 per cent P,0s5
19.0 per cent K,O

3.3 METHODS
3.3.1 Design and Layout

The effect of four nutrient sources (S; to S4) and a combination treatment
(S2 + Sz + Sy) applied at three growth stages was evaluated for their flag leaf
nutrition potential. The treatments were compared against a control, maintained as

per the Kerala Agricultural University Package of Practices Recommendations

20



(KAU POP) for medium duration rice. The field experiment was laid out as

detailed below. The layout plan of the experiment is given in Fig.2.

Design : Randomised Block Design (RBD)
Treatments : (5x3)+1

Replications : 3

Plot size ; 5mx4m

Variety : PTB 52 (Aiswarya)

Spacing : 20cm x 15 cm

Season : First crop, 2014-15

3.3.1.1 Treatments

Nutrient sources (S) - 5

S - Potassium nitrate (0.5 per cent)
S; - Calcium nitrate (0.5 per cent)
S3 - Magnesium sulphate (0.5 per cent)
S4 - 19:19:19 complex (0.5 per cent)
Ss - S, +S3+ S,

Crop growth stages (G) - 3

G - Booting stage

G, - Booting + Flowering stages

Gs - Booting + Flowering + Milk stages
Control (C)

KAU package of practices recommendation for medium duration rice

Treatment combinations

$101 - Potassium nitrate (0.5 %) at booting stage
$10, - Potassium nitrate (0.5 %) at booting and flowering stages

$103 - Potassium nitrate (0.5 %) at booting, flowering and milk stages
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S0 - Calcium nitrate (0.5 %) at booting stage

S0 - Calcium nitrate (0.5 %) at booting and flowering stages

S0 - Calcium nitrate (0.5 %) at booting, flowering and milk stages

S301 - Magnesium sulphate (0.5 %) at booting stage

S302 - Magnesium sulphate (0.5 %) at booting and flowering stages

S303 - Magnesium sulphate (0.5 %) at booting, flowering and milk stages
S401 - 19:19: 19 complex (0.5 %) at booting stage

S402 - 19:19: 19 complex (0.5 %) at booting and flowering stages

S403 - 19:19: 19 complex (0.5 %) at booting, flowering and milk stages
Ss01 - S, + S3+ S, at booting stage

SsQ2 - S, + S3+ S, at booting and flowering stages

Ss03 - S, + S3+ S, at booting, flowering and milk stages

Control- KAU POP for medium duration rice

3.3.2 Crop Management

The crop was raised as per the KAU POP recommendations till the panicle
initiation stage (KAU, 2011). Foliar nutrition was carried out from the booting

stage onwards as per the treatment combinations detailed above.
3.3.2.1 Nursery

The nursery area was ploughed, leveled, and made weed free. FYM @ 1 kg
m? was applied and incorporated. Pre-germinated seeds of paddy (variety
Aiswarya) were sown @ 70 kg ha™. The nursery was managed as per the KAU
POP.

3.3.2.2 Main Field

The experimental area was ploughed twice, puddled and leveled. Weeds
and stubbles were removed. The experimental area was divided into 3 blocks of
16 plots each. The blocks and plots were separated with bunds of 30 cm width.

Irrigation and drainage channels were provided for all the plots.
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Plate 1. General view of the experimental field



3.3.2.3 Application of Lime

Lime @ 600 kg ha™ was applied in two split doses i.e. 350 kg ha™ just
after the second tillage and the remaining at tillering stage (25 DAT).

3.3.2.4 Manures and Fertilizers

Well decomposed farmyard manure @ 5 t ha™ was applied uniformly to
all the plots at the time of land preparation. Urea, rock phosphate and MOP were
applied so as to supply the major nutrients @ 90:45:45 kg NPK per hectare. Half
the dose of nitrogen, entire dose of phosphorus and half potassium was applied
basally. The remaining nitrogen and potassic fertilizers were applied at panicle
initiation stage. Foliar application of the various nutrient sources was done at
booting, flowering, and milk stages as per the treatments along with an adjuvant
(Stanowet).

3.3.3.5 Transplanting

Twenty one days old seedlings were uprooted from the nursery and
transplanted @ 2-3 seedlings per hill at a spacing of 20 cm x 15 cm, at a depth of
3-4 cm. Gap filling was done one week after transplanting so as to maintain

uniform plant population, maintaining two seedlings per hill.

3.3.3.6 Water Management

The water level was maintained at about 1.5 cm during transplanting.
Thereafter the water level was increased gradually to about 5 cm throughout the
growth period, with occasional drainage. Water was drained 10 days before

harvest.
3.3.3.7 Weed Management

The field was maintained weed free upto 45 DAT with two hand
weedings, at 20 DAT and 40 DAT.
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Plate 2. Flag leaf nutrition in field



3.3.3.8 Flag Leaf Nutrition

Flag leaf nutrition was done at 5 days prior to booting (45 DAT), 5 days
prior to 50 per cent flowering (60 DAT) and at milk stages (75 DAT) as per
treatments, following the procedure of Fageria et al. (2009). Booting, flowering
and milk stages were characterized as described by De Datta (1981). Potassium
nitrate, calcium nitrate, magnesium sulphate and 19:19:19 complex were used as
the nutrient sources for flag leaf nutrition. The nutrient sources (0.5 per cent )
were sprayed along with an adjuvant (Stanowet @ 1 mL per 10 litres of spray
fluid) at a spray volume of 500 L ha™. Spraying was done after 3.00 pm under
calm atmospheric conditions. The individual plots were separated using screens to

avoid the effect of any possible spray drift.
3.3.3.9 Plant Protection

Rice case worm and rodent damage were observed. Acephate (2g L™),
chlorpyriphos (2mL L™) was used to manage rice case worm. Rats were the
common menace in the area, where the experiment was laid out. Poison baits
containing zinc phosphide (2 per cent) was used to manage the rats. None of the

diseases were observed in the field.
3.3.3.10 Harvest

The crop in the individual plots was harvested leaving two rows on all
sides as border rows. The net plot area was harvested separately, threshed,
winnowed and weight of grain and straw were recorded separately from the

individual plots.
3.4 OBSERVATIONS
3.4.1 Growth and Growth Attributes

Six hills were selected randomly from the net plot area of each plot and

tagged as sample plants. Two rows from all sides of the plot were left as border
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rows. The following observations were recorded from the sample plants and the

mean values were worked out.
3.4.1.1 Plant Height

Plant height was recorded at panicle initiation, booting, flowering and at
harvest stages using the method described by Gomez (1972). The height was
measured from the base of the plant to the tip of the longest leaf or tip of the
longest ear head, whichever was longer and the average was recorded in

centimeters.
3.4.1.2 Tillers per Hill

Tiller count was taken from six tagged observation hills at panicle
initiation, booting, flowering and harvest stages and the mean value was recorded

as number of tillers per hill.
3.4.1.3 Leaf Area Index

The leaf area index (LAI) was calculated at panicle initiation, booting,
flowering and harvest stages using the method suggested by Yoshida et al. (1976).
The maximum length ‘1’ and width ‘w’ of all the leaves of the middle tiller of the
six sample hills were recorded from all the plots and leaf area index was

calculated.
Leaf area of a single leaf = I x w x k

k- Adjustment factor (0.75 at panicle initiation, booting and flowering stages and

0.67 at harvest stage).

LAl = Sum of leaf area / hill of 6 sample hills (cm?)

Area of land covered by the 6 sample hills (cm?)
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3.4.1.4 Flag Leaf Area

Flag leaf area at booting, flowering, harvest stages was calculated by leaf
product method. The factor (k) used were 0.75 (booting and flowering stages) and
0.67 (harvest stage).

Leaf area (cm?) = Length (cm) x maximum width (cm) x k
3.4.1.5 Days to Panicle Exsertion

Panicle exsertion refers to the extension of the panicle and a portion of
uppermost internode beyond the flag leaf sheath. The number of days taken for
panicle exsertion was recorded as the duration taken from transplanting to panicle

exsertion, in days.
3.4.1.6 Days to 50 per cent Flowering

Number of days taken by 50 per cent of the hills to flower was recorded.
3.4.1.7 Latent Tillers per Hill

The tillers which emerged after flowering were counted as latent tillers
and recorded as the number of latent tillers per hill.

3.4.2 Physiological Studies
3.4.2.1 Leaf Area Duration

Leaf area duration (LAD) at booting, flowering and harvest stages was
calculated using the formula suggested by Watson (1947) and expressed in days.

LAD= L+ (Li +1) X (tz— t1)

2
Li = LAI at first stage

Li +1 =LAl at second stage
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(to—t1) = time interval between stages in days
3.4.2.2 Specific Leaf Weight

Specific leaf weight (SLW) was calculated by using the formula suggested
by Pearce et al. (1968) and expressed in g m™.

SLW = Leaf dry weight per plant (g)

Leaf area per plant (m?)
3.4.2.3 Relative Growth Rate

Relative growth rate (RGR) at booting, flowering, and harvest stages was

determined using the formulae of Williams (1946) and expressed in mg gday™.

RGR = log.W- - logeW;

L.
Wiand W, = plant dry weight (g) at time t; and t, respectively
to—t; = time interval in days
3.4.2.4 Net Assimilation Rate

The method proposed by Williams (1946) was used for calculating the net
assimilation rate (NAR) on leaf dry weight basis and the values were expressed as
mg cm? day’. Net assimilation rate was recorded at booting, flowering and

harvest stages.

NAR= W,—-W; x |Oge|_2— |Oge|_1

tz — tl L2 - I—l
Wiand W, = leaf dry weight (mg) at t; and t, respectively
Liand L, = leaf area (cm?) att;and t, respectively

th—t; = time interval in days

27



3.4.2.5 Plant Pigments

The chlorophyll and carotenoid pigments of flag leaf and sheath were
analyzed at booting, flowering and harvest stages, using the DMSO (Di methyl
sulphoxide) method suggested by (Yoshida et al., 1976) and expressed in mg g™

3.4.2.6 Total Soluble Protein

Total soluble protein of flag leaf at booting, flowering and harvest stages
was estimated using simple protein-dry binding method of Bradford (1976) using
bovine serum albumin as the standard and expressed as mg g™* fresh weight.

3.4.2.7 Nutrient Use Efficiency
3.4.2.7.1 Nitrogen Use Efficiency

Nitrogen use efficiency (NUE) at booting, flowering and harvest stages
was determined in terms of partial factor productivity (Cassman et al., 1996) and

was expressed in kg grain per kg nutrient applied.

Partial factor productivity = Y;
Na
Y: = Yield from nutrient fertilized plot

Na = kg nutrient ha™ applied
3.4.2.7.2 Agronomic Efficiency

Agronomic efficiency (AE) was calculated by using the formula given
below (Fageria and Baligar, 2005), and expressed as kg yield per kg nutrient
applied.

AE = (Y-Y)/F
Y=crop yield with applied nutrients

Yo = crop yield in control F = fertilizer rate
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3.4.2.7.3 Apparent Recovery Efficiency

Apparent recovery efficiency (ARE) was computed using the formula
(Fageria and Baligar, 2005), and expressed as kg increase in uptake per kg

applied.
ARE = (U-Up)/ F

U = plant nutrient uptake of above ground biomass at physiological maturity in
treated plot
Uo= plant uptake in control

F = fertilizer rate
3.4.3 Yield Attributes and Yield
3.4.3.1 Productive Tillers per Square Meter

At harvest, the number of productive tillers was recorded from the net plot

area and expressed as number of productive tillers m™.
3.4.3.2 Panicle Length

Ten panicles were selected at random and panicle length was measured as
the length from the neck of the panicle to the tip. The mean panicle length was

expressed in cm.
3.4.3.3 Grain Weight per Panicle

The grains from the ten randomly selected panicles were removed, dried,

weighed and the weight was recorded as grain weight per panicle in grams.
3.4.3.4 Spikelets per Panicle

The number of spikelets per panicle was recorded by counting the

spikelets separated from the ten randomly selected panicles.
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3.4.3.5 Filled Grains per Panicle

The filled grains were counted from the 10 randomly selected panicles

from each plot and expressed as the mean number of filled grains per panicle.
3.4.3.6 Sterility Percentage
The sterility percentage was worked out using the following relationship

Sterility percentage = Number of unfilled grains per panicle  x 100
Number of total grains per panicle

3.4.3.7 Thousand Grain Weight

One thousand grains were counted from the cleaned and dried produce
from the net plot area of each plot and the weight of the grains was recorded in

grams.
3.4.3.8 Grain Yield

The net plot area was harvested individually, threshed, cleaned, dried and

weighed to express the grain yield in kg ha™ at 14 per cent moisture.
3.4.3.9 Straw Yield

The straw harvested from net plot area was dried to constant weight under

sun and then weighed to express the straw yield in kg ha™.
3.4.3.10 Harvest Index

The harvest index (HI) was worked out using the formula suggested by
Donald and Hamblin (1976).

Hl = Economic yield

Biological yield
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3.4.3.11 Grain to Straw Ratio
Grain to straw ratio was calculated as the ratio between the dry weights of

grain and straw respectively.
3.5 CHEMICAL ANALYSIS
3.5.1 Plant Analysis

The plant samples and leaf samples collected at harvest were dried under
shade and then in an electric hot air oven to constant weight, ground and passed
through a 0.5 mm sieve. The required quantity of sample was weighed out,
subjected to acid extraction and analyzed for total N, P, K, Ca, Mg and S. The

grain and straw were analyzed separately.
3.5.1.1 Index Leaf Analysis

Flag leaf is the index leaf for rice (Singh and Ghosh, 1981). The index leaf
collected at harvest were analyzed for total nitrogen, phosphorus, potassium,

calcium, magnesium and sulphur and expressed as per cent.

The total nitrogen content was estimated by modified microkjeldal method
(Jackson, 1973). Total phosphorus content was found out using Vanado-molybdo
phosphate yellow colour method (Jackson, 1973). Total potassium content was
determined using EEL Flame photometer (Jackson, 1973). Total calcium and
magnesium contents were assessed using spectrophotometer after wet digestion
with di acid mixture as suggested by Perkin-Elmer Corporation (1982). Total

sulphur content was determined turbidimetrically (Chesnin and Yien, 1950).
5.1.2 Uptake of Nutrients

The total uptake of nitrogen, phosphorus, potassium, calcium, magnesium,
sulphur by the plant at harvest was calculated as the product of the respective

nutrient content and plant dry weight and expressed as kg ha™.
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3.5.1.3 Crude Protein Content of Grain

The crude protein content of grains was calculated by multiplying the N

content of grains by a factor, 6.25 (Simpson et al., 1965).
3.5.2 Soil Analysis

After the experiment, soil samples were taken from each plot separately

and analyzed for the available nutrient status.
3.5.2.1 Organic Carbon

Organic carbon content was determined using the Walkley and Black rapid

titration method (Jackson, 1973) and expressed in percentage.
3.5.2.2 Available Nitrogen

Available nitrogen content of soil was estimated by alkaline permanganate

method suggested by Subbiah and Asija (1956) and expressed in kg N ha™.
3.5.2.3 Available Phosphorus

Available phosphorus content of the soil was determined by Dickman and
Bray’s molybdenum blue method using a spectrophotometer and expressed as kg
P205 ha'l.

3.5.2.4 Available Potassium

Available potassium content was determined in neutral normal ammonium
acetate extract, estimated in a Flame photometer (Jackson, 1973) and expressed in
kg K,0 ha™.

3.5.2.5 Available Calcium and Magnesium

Available calcium and magnesium contents of the soil was determined by

ammonium acetate method, (Jackson, 1973) and expressed in mg kg™ soil.
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3.5.2.6 Available Sulphur

Available sulphur content was determined by turbidimetric method,

(Chesnin and Yien, 1950) and expressed in mg kg™ soil.
3.6 ECONOMIC ANALYSIS

The economics of cultivation was expressed in terms of net income and

benefit cost ratio based on cost of cultivation and prevailing price of the produce.
3.6.1 Net income

Net income (¥ ha™*) = Gross income — Cost of cultivation
3.6.2 Benefit cost ratio (BCR)

Benefit cost ratio (BCR) = Gross income
Cost of cultivation

3.6.3 Return per Rupee Invested on Nutrient Sources Including Manures

Gross returns — Cost of cultivation excluding expenses
for nutrient sources including manures

Return per rupee =
Cost of manures and fertilizers

3.7 STATISTICAL ANALYSIS

The data generated from the experiment were statistically analyzed using
Analysis of Variance technique (ANOVA) as applied to Randomized Block
Design (Panse and Sukhatme, 1985) and the significance was tested using F test
(Snedecor and Cochran, 1967). Wherever the F values were found significant,
critical difference was worked out at five per cent and one per cent probability
levels. The significance of the control as compared against the treatments was also
tested. The treatment vs. control comparison was denoted as ‘S’ when significant

and ‘NS’ when not significant.
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4. RESULTS

The experiment entitled “Flag leaf nutrition for enhancing resource use
efficiency in rice (Oryza sativa L.)” was undertaken in the wet lands of the
Instructional Farm, College of Agriculture, Vellayani, Thiruvananthapuram, during
June to October, 2014. The main objectives of the study were to assess the effect of
flag leaf foliar nutrition on partitioning of photosynthates, growth and productivity of
rice and to work out the economics of the practice in lowland rice cultivation system.

The results of the experiment are presented in this chapter.
4.1 GROWTH AND GROWTH ATTRIBUTES
4.1.1 Plant Height

The results on the effect of flag leaf nutrition at different crop growth stages

on the height of rice are presented in the Table 5.

The effect of various nutrient sources on plant height was observed to be
significant during the booting and harvest stages. The plant height was significantly
higher under flag leaf nutrition (FLN) with 19:19:19 complex @ 0.5 per cent (S,) at
booting (85.47 cm) and with potassium nitrate @ 0.5 per cent (S;) at harvest (113.73
cm). Flag leaf nutrition at 0.5 per cent with magnesium sulphate (S3), calcium nitrate
(S2) and combination treatment of calcium nitrate, magnesium sulphate and 19:19:19
complex (Ss) remained at par with respect to plant height at the booting stage. At

harvest the effect of all the other nutrient sources were at par.

Plant height varied significantly with crop growth stages. Flag leaf nutrition at
booting + flowering + milk stages (G3) recorded maximum plant height at harvest
stage (106.15 cm). The interaction effect of nutrient sources and crop growth stages
also exerted significance with treatment s;g, recording tallest plants (115.84 cm). The

treatments and control did not exhibit any significant variation in plant height.
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Table 5. Effect of nutrient sources, growth stages and their interaction on
plant height, cm
Treatments Booting Flowering Harvest
Nutrient sources
St 73.38 94.33 113.73
S, 79.18 91.50 102.19
S3 79.51 92.16 102.20
S, 85.47 93.87 102.66
Ss 77.47 91.44 101.38
Growth stages
G, 78.28 89.74 103.20
G, 80.18 93.30 103.96
Gs 78.54 91.64 106.15
Interaction effects
S101 70.87 94.27 109.65
10> 71.94 94.61 115.84
S103 77.34 94.09 115.70
S201 79.82 93.03 100.84
S0 80.85 92.34 102.41
S)03 76.87 89.13 103.33
S301 78.99 94.13 100.68
S30> 79.46 92.27 104.04
S303 80.09 90.08 101.89
S401 84.20 93.32 101.74
S0 87.19 90.60 99.23
S40s 85.02 97.71 107.01
S501 77.52 87.32 103.09
S502 81.49 96.66 98.25
S503 73.39 90.35 102.79
Treatment mean 79.00 91.56 103.77
Control 79.37 88.62 103.16
SEm(x) : S 2.212 2.521 2.037
G 1.713 1.952 1.578
SG 4.210 3.837 3.529
CD (0.05): S 4531 - 4.172
G - - 3.235
SG - - 7.223
Treatment Vs Control NS NS NS
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4.1.2 Tillers per Hill

The number of tillers per hill as influenced by nutrient sources, crop growth
stages and their interaction recorded at different crop growth stages are presented in
Table 6.

Neither the nutrient sources, crop growth stages, nor their interactions had
significant effect on the tiller count at booting, flowering and harvest stages. No

significant difference could be observed between the treatments and the control.
The treatments and the control did not exhibit any significant variation.
4.1.3 Leaf Area Index

The results on the effect of nutrient sources, crop growth stages and their
interaction on the leaf area index of rice are presented in Table 7.

The effect of nutrient sources, crop growth stages, and their interactions on

leaf area index was observed to be non significant at all the stages.

No significant difference was observed between the treatments and the control
with respect to leaf area index.

4.1.4 Flag Leaf Area

The results on the effect of nutrient sources, crop growth stages and their

interaction on flag leaf area are presented in Table 8.

The flag leaf area varied significantly with the different nutrient sources at
booting and flowering stages. Flag leaf area was significantly higher under foliar
feeding with potassium nitrate (S;) at booting (4.98 cm?) and flowering (8.11 cm?)
stages. While the effect of potassium nitrate was on par with that of S, (19:19:19

complex) at booting stage, it remained at par with 19:19:19 complex (S4) and calcium
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nitrate (S;) at the flowering stage. Flag leaf area at harvest stage remained unaffected

by the different nutrient sources.

Flag leaf area did not show any significant variation among the different crop
growth stages.

The interaction effect between nutrient sources and crop growth stages was
observed to be significant at flowering and harvest stages. Foliar spraying of
potassium nitrate @ 0.5 per cent at booting and flowering stages (s192) recorded the
highest flag leaf area (9.08 cm?) at flowering stage and was at par with calcium

nitrate at the same concentration at booting stage (S201).

Foliar spray of calcium nitrate at booting, flowering and milk stages (s,gs)
resulted in the highest flag leaf area (11.65 cm?) at harvest stage. It was on par with

S101, S102, S103, S202, S301, Sa02, and SsQi.

Significant difference was observed in the flag leaf area between the
treatments and the control at flowering stage. The treatment effect was significantly
superior (7.52 cm?) to control (6.38 cm?) at this stage. The treatments and control

failed to vary significantly at booting and harvest stages.
4.1.5 Days to Panicle Exsertion

The effect of nutrient sources, crop growth stages and their interactions on the
number of days to panicle exsertion are presented in Table 9.

The number of days taken for panicle exsertion was not observed to vary
significantly under the influence of nutrient sources, crop growth stages and their
interaction. However flag leaf nutrition with potassium nitrate resulted in earlier
panicle exsertion (60.22 days). The treatments and the control did not show any

significant variation.
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Table 6. Effect of nutrient sources, growth stages and their interaction on number of

tillers per hill, nos.

Treatments Booting Flowering Harvest
Nutrient sources
S; 14.59 14.53 12.93
S, 13.70 13.57 12.14
S; 13.10 13.78 11.60
S, 13.22 13.69 12.53
S 12.94 15.70 12.31
Growth stages
G, 13.25 13.97 12.43
G, 13.54 14.36 12.35
G; 13.74 14.44 12.12
Interaction effects
S101 14.02 13.61 13.31
10> 14.13 15.56 12.84
103 15.63 14.41 12.66
S201 14.13 14.49 12.00
S50> 13.70 12.76 12.63
03 13.28 13.48 11.78
S301 12.82 13.12 11.17
S302 12.72 13.62 11.23
S303 13.76 14.62 12.40
S401 13.30 13.30 13.32
S40> 13.79 14.43 12.31
S501 11.97 15.36 12.37
S5 13.37 15.42 12.78
S503 13.48 16.33 11.79
Treatment mean 13.51 14.25 12.30
Control 13.06 13.73 12.21
SEm(x) : S 0.576 0.595 0.466
G 0.446 0.461 0.361
SG 0.990 1.071 0.845
CD (0.05): S - - -
G - - -
SG - - -
Treatment Vs Control NS NS NS
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Table 7. Effect of nutrient sources, growth stages and their interaction on
leaf area index
Treatments Booting Flowering Harvest
Nutrient sources
S 4.06 4.78 3.54
S, 4.23 4.83 3.17
S 3.87 4.45 3.14
Ss 4.21 4.87 3.35
Ss 4.34 5.11 3.07
Growth stages
G, 4.06 4.89 3.26
G, 4.15 4.65 3.21
G; 4.22 4.88 3.30
Interaction effects
$101 3.93 4.59 3.60
10> 4.05 4.47 3.56
S103 4.22 5.28 3.47
S,0; 4.46 5.15 3.10
S20> 4.19 4.52 2.73
703 4.03 4.81 3.67
S301 3.54 4.49 3.20
S303 4.16 4.36 2.81
S401 3.98 5.22 3.36
S40> 4.15 4.45 3.33
S403 4.48 4,94 3.36
S501 4.41 5.00 3.03
S50 4.43 5.31 3.03
S503 4.19 5.03 3.17
Treatment mean 441 477 3.25
Control 4.07 4.52 3.40
SEm(x) : S 0.193 0.170 0.231
G 0.150 0.131 0.179
SG 0.375 0.541 0.397
CD (0.05): S - - -
G - - -
SG - - -
Treatment Vs Control NS NS NS
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Table 8. Effect of nutrient sources, growth stages and their interaction
flag leaf area, cm?
Treatments Booting Flowering Harvest
Nutrient sources
S; 4.98 8.11 10.20
S, 4.13 7.78 10.69
S3 3.99 6.82 8.81
Sy 4.68 7.80 10.03
Ss 4.23 7.08 9.69
Growth stages
G, 4.45 7.48 10.04
G, 4.39 7.58 10.06
Gs 4.37 7.50 9.55
Interaction effects
S101 5.02 7.52 10.05
S10> 4.96 9.08 10.59
$103 4.97 7.73 9.95
S201 4.17 8.53 9.60
S0 3.98 7.34 10.82
S,03 4.25 7.47 11.65
S302 3.93 6.68 8.16
S303 4.17 7.10 8.07
S401 4.94 7.67 9.48
S40> 4.89 7.87 10.91
S403 4.20 7.85 9.69
S501 4.25 6.98 10.85
S502 4.19 6.95 9.81
S503 4.24 7.33 8.42
Treatment mean 4.40 7.52 9.88
Control 3.85 6.38 10.34
SEm(x) : S 0.152 0.181 0.343
G 0.118 0.140 0.265
SG 0.290 0.306 0.627
CD (0.05): S 0.442 0.526 -
G - - -
SG - 0.883 1.804
Treatment Vs Control NS S NS
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Table 9. Effect

of nutrient sources,

growth

stages and

their

interaction on

days to panicle exsertion, days to 50 per cent flowering, number of latent tillers
hill* and leaf area duration

T Days to panicle Days to 50% Latent tillers | leaf area duration
reatments - ; ")
exsertion flowering hill (days)
Nutrient sources
S; 60.22 78.22 2.78 38.85
S, 65.11 77.55 0.67 41.88
S; 64.44 81.22 0.67 40.40
S, 61.77 77.11 0.78 40.86
Ss 60.77 77.11 0.89 40.96
Growth stages
Gy 61.60 78.00 1.13 39.92
G, 63.00 78.60 1.20 40.20
Gs 62.80 78.13 1.13 41.65
Interaction effects
S10; 60.66 78.00 2.67 37.09
S10> 60.33 78.00 2.67 39.49
S103 59.66 78.66 3.00 39.99
So01 61.00 77.33 0.67 41.60
S0 68.00 77.33 0.67 41.76
S203 66.33 78.00 0.67 42.30
S301 64.00 80.33 0.67 40.25
S30> 64.66 83.33 0.67 39.22
S303 64.66 80.00 0.67 41.74
S401 61.66 77.00 0.67 40.77
S40> 62.00 77.33 1.00 41.20
S403 61.66 77.00 0.67 40.63
Ss01 60.66 77.33 1.00 39.91
S50> 60.00 77.00 1.00 39.36
S50s 61.66 77.00 0.67 43.62
Treatment mean 58.15 78.2 1.16 40.59
Control 61.66 77.00 0.20 42.56
SEm(x) : S 1.383 0.542 0.273 0.947
G 1.072 0.420 0.211 0.734
SG 2.505 0.882 0.224 1.709
CD (0.05): S - 1.570 0.550 2.744
G - - - -
SG - - - -
Treatment Vs Control NS NS NS NS
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4.1.6 Days to 50 per cent Flowering

The results on the effect of nutrient sources, crop growth stages and their
interactions on the number of days taken by the crop to reach 50 per cent flowering
are presented in Table 9.

The nutrient sources alone had significant effect on the days to 50 per cent
flowering. FLN with Sz (magnesium sulphate @ 0.5 per cent) resulted in significantly
longer duration to 50 per cent flowering (81.22 days). The effect of all the other

nutrient sources tested were at par.

No significant difference was observed between the treatments and the control

with respect to the number of days to 50 per cent flowering.
4.1.7 Latent Tillers per Hill

The effect of nutrient sources, crop growth stages and their interactions on

latent tillers per hill are presented in Table 9.

The nutrient sources alone showed significant effect on the latent tiller count.
The latent tiller count was significantly higher (2.78) under foliar feeding with

potassium nitrate @ 0.5 per cent (S;).

The crop growth stages and the interaction effect failed to exert significance.

No significant difference could be observed between the treatments and control.
4.2 PHYSIOLOGICAL STUDIES
4.2.1 Leaf Area Duration

The results on the leaf area duration recorded at harvest stage as effected by

nutrient sources, crop growth stages and their interactions are presented in Table 9.
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The leaf area duration varied significantly with different nutrient sources.
Leaf area duration was longest with (S;) calcium nitrate (41.88 days) and it remained
at par with all the other treatments except S; (potassium nitrate). Leaf area duration
remained unaffected by crop growth stages and their interaction.

The treatment and the control did not show any significant variation.
4.2.2 Specific Leaf Weight

The data on specific leaf weight as effected by nutrient sources, crop growth
stages and their interactions at booting, flowering and harvest stages are presented in
Table 10.

The nutrient sources used for flag leaf nutrition had significant effect on the
specific leaf weight at flowering and harvest stages. Spraying a combination of
calcium nitrate, magnesium sulphate and 19:19:19 complex (Ss) recorded the highest
specific leaf weight at flowering (2.11 g m™) and foliar spraying of 19:19:19 complex
@ 0.5 per cent (2.58 g m™) recorded the highest value at harvest stage. However the
effect of other nutrient sources tested viz., S; (magnesium sulphate), S; (potassium
nitrate) and S, (19:19:19 complex) remained at par with Ss at flowering stage. At
harvest stage S4 (19:19:19 complex) remained at par with S; (potassium nitrate), Ss
(magnesium sulphate) and S, (calcium nitrate) indicating that they were also equally

effective in increasing the specific leaf weight of the crop.

The specific leaf weight was not observed to vary significantly among the

crop growth stages chosen for flag leaf nutrition.

The interaction effect was significant only at the flowering stage. Flag leaf
nutrition with potassium nitrate at booting stage (s191) was significantly superior in
terms of specific leaf weight (2.57 g m™). The treatments S30», 303, S402, S50z, S5gs are
on par with s;0;. Treatments and the control did not show any significant variation.
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Table 10. Effect of nutrient sources,

specific leaf weight, g m™

growth stages and their

interaction on

Treatments Booting Flowering Harvest
Nutrient sources
S; 1.31 2.09 2.54
S, 1.37 1.64 2.30
S; 1.10 2.09 2.49
S, 1.22 2.07 2.58
S 1.12 2.11 2.18
Growth stages
G, 1.29 2.03 2.50
G, 1.21 2.04 2.37
Gs 1.16 1.93 2.39
Interaction effects
S101 1.60 2.57 2.75
S102 0.99 2.03 2.16
S50> 1.33 1.64 2.27
03 1.29 1.70 2.36
S302 1.27 2.18 2.59
S303 1.02 2.19 2.55
S401 1.14 2.06 2.81
S40> 1.27 2.16 2.66
S403 1.25 1.99 2.29
S501 1.22 2.03 2.32
S5 1.21 2.17 2.17
S503 0.92 2.14 2.03
Treatment mean 1.22 2.00 241
Control 1.29 2.11 2.14
SEm(x) : S 0.134 0.08 0.103
G 0.104 0.060 0.080
SG 0.231 0.150 0.178
CD (0.05): S - 0.207 0.300
G - - -
SG - 0.435 -
Treatment Vs Control NS NS NS
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Table 11. Effect of nutrient sources,
relative growth rate, mg g day™

growth stages and their

interaction on

Treatments Booting Flowering Harvest
Nutrient sources
S; 0.174 0.057 0.028
S, 0.078 0.047 0.019
S; 0.074 0.047 0.013
S, 0.087 0.052 0.027
S 0.076 0.046 0.021
Growth stages
G, 0.135 0.060 0.024
G, 0.080 0.051 0.019
G; 0.079 0.059 0.021
Interaction effects
S101 0.358 0.049 0.027
10> 0.083 0.048 0.029
103 0.080 0.043 0.027
S201 0.078 0.049 0.020
S50> 0.080 0.048 0.019
03 0.077 0.043 0.019
S301 0.072 0.049 0.013
S302 0.074 0.050 0.012
S303 0.078 0.042 0.014
S401 0.089 0.047 0.027
S40> 0.086 0.053 0.026
S403 0.085 0.058 0.027
S501 0.078 0.047 0.034
S5 0.077 0.048 0.010
S503 0.074 0.043 0.018
Treatment mean 0.090 0.050 0.020
Control 0.076 0.040 0.012
SEm(x) : S 0.040 0.001 0.003
G 0.031 0.001 0.002
SG 0.067 0.004 0.005
CD (0.05): S - 0.005 0.010
G - - -
SG - - -
Treatment Vs Control NS NS NS
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Table 12. Effect of nutrient sources,
net assimilation rate, mg cm™ day™

growth stages and their

interaction on

Treatments Booting Flowering Harvest
Nutrient sources
S; 3.76 2.23 0.71
S, 1.95 2.23 0.26
S; 2.32 2.44 0.56
S, 2.57 2.58 0.44
S 2.10 2.38 0.48
Growth stages
G, 2.66 2.37 0.46
G, 2.70 2.39 0.41
G; 2.26 2.36 0.59
Interaction effects
S101 4.19 2.13 0.85
10> 3.80 2.33 0.73
103 3.30 2.25 0.55
S201 1.96 2.16 0.22
S50> 2.13 2.28 0.42
03 1.75 2.26 0.14
S301 2.26 2.54 0.46
S302 2.29 2.26 0.35
S303 2.42 2.51 0.87
S401 2.48 2.65 0.45
S40> 3.38 2.55 0.21
S403 1.87 2.56 0.65
Ss01 2.40 2.37 0.35
S5 1.94 2.52 0.34
S503 1.96 2.26 0.75
Treatment mean 2.5 2.37 0.48
Control 2.04 2.15 0.35
SEm(x) : S 0.227 0.082 0.117
G 0.176 0.064 0.090
SG 0.376 0.158 0.204
CD (0.05): S 0.658 0.240 -
G - - -
SG - - -
Treatment Vs Control NS NS NS
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4.2 .3 Relative Growth Rate

The results on the effect of nutrient sources, crop growth stages, and their
interactions on the relative growth rate are presented in Table 11.

The nutrient sources alone had significant effect on relative growth rate at
flowering and harvest stages. S; (potassium nitrate @ 0.5 per cent) recorded the
maximum relative growth rate (0.057 mg g™ day™) at flowering and harvest stages
(0.028 mg g* day™). At harvest it was at par with S, (19:19:19 complex) and Ss (a
combination of calcium nitrate, magnesium sulphate and 19:19:19 complex).

The crop growth stages and interaction effect between nutrient sources and
crop growth stages failed to prove significance. The treatment and control also did

not exhibit any significant variation in relative growth rate.
4.2.4 Net Assimilation Rate

The results on the net assimilation rate recorded at booting, flowering and
harvest stages as effected by the nutrient sources, crop growth stages and their

interactions are presented in Table 12.

The different nutrient sources had significant effect on the net assimilation
rate at booting and flowering stage. Potassium nitrate @ 0.5 per cent concentration
(S1) recorded the maximum net assimilation rate of 3.76 mg cm™ day™ at booting and
S, (19:19:19 complex) recorded maximum net assimilation rate (2.58 mg cm™ day™)
at flowering stage. At flowering stage the effect of magnesium sulphate (S3) and
combination treatment of calcium nitrate, magnesium sulphate and 19:19:19complex

(Ss), were observed to remain at par with S, .

The crop growth stages chosen for foliar nutrition and the interaction between

nutrient sources and crop growth stages failed to exert any significant effect on net
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assimilation rate. No significant difference was observed between the treatments and

the control.
4.2.5 Plant Pigments- Sheath and Leaf
4.2.5.1 Chlorophyll Content of Flag Leaf Sheath

The results on the effect of nutrient sources, crop growth stages and their

interactions on the chlorophyll content of flag leaf of rice are presented in Table 13.

The effect of nutrient sources on chlorophyll content of leaf sheath was
observed to be significant only during the flowering stage. The treatment (Ss) a
combination of calcium nitrate, magnesium sulphate and 19:19:19 complex @ 0.5 per

cent recorded the maximum chlorophyll content (0.63 mg g™).

It was at par with potassium nitrate (S;) and 19:19:19 complex (S4). The
treatment and the control did not show any significant variation.

The effect of crop growth stages for foliar nutrition on chlorophyll content of
flag leaf sheath was found to be non significant. The treatment and the control also

did not show any significant difference.
4.2.5.2 Chlorophyll Content of Flag Leaf Blade

The results on the effect of nutrient sources, crop growth stages and their

interaction on the chlorophyll content of flag leaf of rice are presented in Table 13.

The nutrient sources used for flag leaf nutrition had significant effect on
chlorophyll content of flag leaf blade at flowering stage. The treatment S, (19:19:19
complex) recorded maximum chlorophyll content of 2.58 mg g™*. This remained at
par with nutrient sources magnesium sulphate (S3) and a combination treatment of

calcium nitrate, magnesium sulphate and19:19:19 complex (Ss).
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Table 13. Effect of nutrient sources, growth stages and their interaction on chlorophyll content in flag leaf, mg g*

T Booting Flowering Harvest
reatments Leaf sheath Leaf blade Leaf sheath Leaf blade Leaf sheath Leaf blade
(1) (i) (iii) (iv) v) (vi) (vii)
Nutrient sources
S 0.41 0.68 0.58 2.23 0.40 0.62
S, 0.48 0.79 0.51 2.23 0.38 0.74
Ss 0.54 0.75 0.49 2.44 0.40 0.61
Ss 0.41 0.89 0.55 2.58 0.39 0.53
Ss 0.42 0.83 0.63 2.38 0.41 0.66
Growth stages
G 0.49 0.67 0.55 2.37 0.40 0.58
G, 0.49 0.79 0.55 2.39 0.42 0.66
Gs 0.39 0.91 0.56 2.36 0.37 0.65
Interaction effects
$101 0.33 0.62 0.52 2.13 0.35 0.62
S10» 0.45 0.71 0.46 2.33 0.42 0.62
S10s 0.46 0.71 0.68 2.25 0.41 0.61
S04 0.61 0.73 0.54 2.16 0.38 0.61
So0> 0.58 0.63 0.61 2.28 0.41 0.73
7203 0.45 1.02 0.58 2.26 0.45 0.89
S301 0.57 0.65 0.54 2.54 0.38 0.69
S302 0.54 0.72 0.60 2.26 0.38 0.57
S303 0.34 0.87 0.39 2.51 0.39 0.57
S401 0.43 0.62 0.64 2.65 0.34 0.51
S402 0.48 1.00 0.35 2.55 0.45 0.45
S40s 0.37 1.05 0.50 2.56 0.41 0.63
Ss01 0.53 0.75 0.55 2.37 0.40 0.47
Ss02 0.39 0.87 0.73 2.52 0.45 0.96
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Table 13. continued

(1) (i) (iii) (iv) W) (vi) (vii)
S503 0.33 0.89 0.62 2.26 0.36 0.56
Treatment mean 0.45 0.78 0.55 2.37 0.39 0.67
Control 0.53 0.55 0.60 2.15 0.51 0.65
SE: S 0.034 0.075 0.033 0.082 0.029 0.050
G 0.026 0.058 0.025 0.064 0.022 0.039
SG 0.057 0.134 0.064 0.158 0.065 0.101
CD: S - - 0.096 0.240 - -
G - - - - - -
SG - - - - - 0.291
Treatment Vs Control NS NS NS NS NS NS
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Table 14. Effect of nutrient sources, growth stages and their interaction on carotenoid content in flag leaf, mg g™

T Booting Flowering Harvest
reatments Leaf sheath Leaf blade Leaf sheath Leaf blade Leaf sheath Leaf blade
() (i) (iii) (iv) (%) (vi) (vii)
Nutrient sources
S 0.41 0.40 0.55 1.83 0.39 0.46
S, 0.54 0.47 0.58 1.17 0.41 0.46
Ss 0.48 0.52 0.51 1.34 0.38 0.43
Ss 0.42 0.60 0.49 1.44 0.40 0.60
S 0.41 0.59 0.63 1.52 0.40 0.42
Growth stages
G 0.49 0.53 0.56 1.43 0.37 0.47
G, 0.49 0.52 0.55 1.33 0.42 0.50
Gs 0.39 0.51 0.55 1.43 0.40 0.46
Interaction effects
S10; 0.33 0.40 0.52 1.93 0.35 0.46
S10, 0.45 0.44 0.46 1.74 0.42 0.46
5103 0.46 0.37 0.68 1.81 0.41 0.47
S04 0.61 0.34 0.54 1.49 0.38 0.48
So0> 0.58 0.46 0.61 1.01 0.41 0.45
S203 0.45 0.60 0.58 1.01 0.45 0.45
S301 0.57 0.65 0.54 1.23 0.38 0.39
S302 0.54 0.46 0.60 1.28 0.38 0.52
S303 0.34 0.46 0.39 1.52 0.39 0.39
S401 0.43 0.67 0.64 1.27 0.34 0.63
S0 0.48 0.64 0.35 1.04 0.45 0.58
S403 0.37 0.49 0.50 1.58 0.41 0.59
Ss01 0.53 0.60 0.55 1.71 0.40 0.41
Ss02 0.39 0.59 0.73 1.61 0.45 0.49
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Table 14. continued

() (i) (iii) (iv) v) (vi) (vii)
S503 0.33 0.61 0.62 1.24 0.39 0.38
Treatment mean 0.45 0.53 0.55 1.45 0.43 0.47
Control 0.48 0.92 0.54 1.69 0.65 0.4
SE: S 0.041 0.026 0.029 0.092 0.024 0.030
G 0.050 0.054 0.022 0.071 0.019 0.020
SG 0.083 0.057 0.051 0.156 0.024 0.009
CD: S - 0.076 0.086 0.267 - 0.096
G - - - - - -
SG - 0.166 0.016 0.111 0.291 -
Treatment Vs Control NS S NS NS NS NS
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The effect of crop growth stages for foliar nutrition on chlorophyll content of
flag leaf blade was found to be non significant. The interaction effect was significant
only at the harvest stage. Foliar spray of combination of calcium nitrate, magnesium
sulphate and 19:19:19 complex at booting and flowering stages (Ssg.) recorded the
highest value (0.96).

However the other treatment combinations viz., s,g, (calcium nitrate at
booting and flowering stage), s»gs (calcium nitrate at booting, flowering and milk
stages) and s3g1 (magnesium sulphate at booting stage) remained at par. The

treatments and the control did not show any significant variation.
4.2.5.3 Carotenoid Content of Flag Leaf Sheath

The results on the effect of nutrient sources, crop growth stages and their

interaction on the carotenoid content are presented in Table 14.

The nutrient sources used for flag leaf nutrition had significant effect on the
carotenoid content of flag leaf sheath at flowering stage. The nutrient source Ss
(combination of calcium nitrate, magnesium sulphate and 19:19:19 complex)
recorded maximum carotenoid content (0.63 mg g™). It was at par with S, (calcium

nitrate) and S; (potassium nitrate).

The effect of crop growth stages on carotenoid content of flag leaf sheath was
also found to be non significant at all stages. The interaction between nutrient sources
and crop growth stages had significant effect on carotenoid content of flag leaf sheath
at flowering stage. The treatment ssg. (combination of calcium nitrate, magnesium
sulphate and 19:19:19 complex at booting and flowering stages) recorded highest
carotenoid content (0.73 mg g*). No significant difference was observed between the

treatments and the control.
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4.2.5.4 Carotenoid Content of Flag Leaf Blade

The effect of nutrient sources, crop growth stages and their interactions on the
carotenoid content of flag leaf blade are presented in Table 14.

The leaf nutrition varied significantly with the different nutrient sources at
booting, flowering, and harvest stages. The carotenoid content of leaf blade was
significantly higher under foliar feeding with (S4) at booting (0.60 mg g*), foliar
feeding of (S;) at flowering (1.83 mg g™) and foliar feeding of (S,) at harvest (0.60 mg
g"h) stage. The treatment (Ss) was on a par with that of 19:19:19 complex (S4) at
booting. Carotenoid content of leaf blade did not show any significant variation with

crop growth stages chosen for flag leaf nutrition.

The interaction between nutrient sources and crop growth stages had
significant effect on carotenoid content of leaf blade at booting stage recording
maximum carotenoid content(0.67 mg g*) at ss;g; and flowering stage with highest
value at s;9; (1.93 mg g*). At booting stage this treatment remained at par with s,gs,
S301, S402, Ss01, Ss02 and ssgs. At flowering stage the best treatment combination s;g;
(flag leaf nutrition of potassium nitrate at booting stage). Treatment and the control
did not show any significant variation except carotenoid content of leaf blade at

booting stage.
4.2.6 Total Soluble Protein

The results on the total soluble protein recorded at booting, flowering and
harvest stages as effected on the nutrient sources, crop growth stages and their

interactions are presented in Table 15.

The different nutrient sources had significant effect on the total soluble
protein at booting and flowering stages. Magnesium sulphate @ 0.5 per cent

concentration (Ss) recorded the maximum total soluble protein (1.04 mg g™) at
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Table 15. Effect of nutrient sources,

total soluble protein, mg g™

growth stages and their

interaction on

Treatments Booting Flowering Harvest
Nutrient sources
S 0.66 1.31 1.69
S, 0.88 1.97 0.92
S; 1.04 1.84 0.98
Ss 1.02 1.71 0.94
Ss 0.70 1.89 1.03
Growth stages
G, 0.75 1.53 0.91
G, 0.92 1.76 1.91
Gs 0.90 1.95 151
Interaction effects
$101 0.36 0.82 0.69
S10> 0.92 1.59 0.74
So0> 0.94 1.99 1.03
7203 0.89 2.33 1.11
S301 0.86 1.85 0.89
S303 1.27 1.78 1.09
S401 0.95 1.43 0.95
S40> 1.07 1.80 1.08
S403 1.04 1.92 0.80
Ss01 1.77 1.98 1.39
S50 1.71 1.52 0.76
S503 0.61 2.18 0.94
Treatment mean 0.85 1.74 1.11
Control 0.703 1.78 0.74
SEm(x) : S 0.094 0.136 0.472
G 0.072 0.205 0.366
SG 0.161 0.232 0.770
CD (0.05): S 0.272 0.394 -
G - - -
SG - - -
Treatment Vs Control NS NS NS
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booting stage and was at par with S, (calcium nitrate) and S4 (19:19:19 complex). At
flowering stage the foliar spraying of calcium nitrate recorded the highest total
soluble protein (1.97 mg g™) and was at par with Ss (combination of calcium nitrate,
magnesium sulphate and 19:19:19 complex), Sz (magnesium sulphate) and S,
(19:19:19 complex).

The effect of crop growth stages for foliar nutrition on total soluble protein
was found to be non significant at all stages. The interaction between nutrient sources
and crop growth stages failed to exert any significant effect on total soluble protein.

No significant difference was observed between the treatments and the control.
4.2.7 Nutrient Use Efficiency
4.2.7.1 Nitrogen Use Efficiency

The results on the nitrogen use efficiency recorded at harvest stage as effected
on the nutrient sources, crop growth stages and their interactions are presented in
Table 16.

The efficiency of various nutrient sources on nitrogen use efficiency was
observed to be significant. Flag leaf nutrition with potassium nitrate @ 0.5 per cent
(S1) recorded the maximum nitrogen use efficiency (66.20 kg kg™) followed by S,
(29:19:19 complex).

The effect of crop growth stages for foliar nutrition on nitrogen use efficiency
was found to be significantly superior for the treatment to which foliar spraying was
done at booting + flowering + milk stages (G3). It was at par with G, (foliar nutrition

at booting and flowering stages).

The interaction effect was significant. The treatment combination $;0;

(potassium nitrate at booting stage) recorded the maximum value (69.84), which was
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Table 16. Effect of nutrient sources, growth stages and their interaction on nitrogen use efficiency, agronomic efficiency and apparent
recovery efficiency

Nitrogen use
efficiency Agronomic efficiency Apparent recovery efficiency
Treatments (kg grain (kg yield increase per kg nutrient applied) (kg increase in uptake per kg applied)
per
kg fertilizer) N P K N P K
Q) (i) (iii) (iv) (V) (vi) (vii) (viii)
Nutrient sources
S; 66.20 31.69 63.85 60.74 0.63 0.19 1.00
S, 41.15 6.81 13.75 13.75 0.15 0.04 0.22
S; 43.57 9.29 18.60 18.60 0.18 0.05 0.27
S, 55.74 21.22 41.98 41.98 0.36 0.10 0.65
Ss 43.59 9.46 18.88 18.88 0.18 0.05 0.29
Growth stages
G; 47.13 13.54 27.14 27.14 0.27 0.08 0.41
G, 49.78 15.98 31.97 31.97 0.31 0.09 0.51
G; 52.07 17.56 35.13 35.13 0.32 0.09 0.54
Interaction effects
S101 69.84 29.22 71.14 67.68 0.65 0.19 1.11
$10> 63.61 35.31 58.67 57.20 0.62 0.19 0.95
5103 65.15 30.54 61.74 57.35 0.62 0.19 0.93
S04 39.05 6.20 9.55 9.55 0.14 0.04 0.16
So0> 40.50 473 12.44 12.44 0.16 0.05 0.23
S203 43.90 9.50 19.26 19.26 0.16 0.04 0.28
S301 40.60 10.95 12.66 12.65 0.12 0.03 0.17
S30: 45,22 6.32 21.90 21.90 0.22 0.06 0.34
S303 4490 10.62 21.25 21.25 0.20 0.06 0.31




Table 16. continued

Control

(i) (i) (iii) (iv) (V) (vi) (vii) (viii)

S401 50.45 18.78 31.66 31.66 0.30 0.08 0.45

S402 50.45 16.00 37.37 37.37 0.33 0.09 0.59

S403 63.63 28.89 56.90 56.90 0.46 0.12 0.92

S501 39.74 14.74 10.69 10.69 0.16 0.05 0.15

S50 49.16 5.36 29.46 29.45 0.23 0.06 0.45

S503 42.78 8.27 16.49 16.49 0.16 0.05 0.29
Treatment mean 50.11 15.69 31.41 30.78 0.30 0.08 0.48
Control 49.00 0.00 0.00 0.00 0.00 0.00 0.00

SEm(x) : S 1.410 1.397 2.783 2.780 0.023 0.007 0.046

G 1.093 1.082 2.157 2.150 0.018 0.005 0.035

SG 4,159 3.297 6.580 6.540 0.053 0.015 0.105

CD (0.05): S 4.085 4,047 8.064 8.060 0.068 0.021 0.134

G 3.165 3.134 6.240 6.240 - - 0.104

SG 11.940 9.465 18.880 18.800 - - 0.300
Treatment Vs S S S S s S s
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at par with s;0i, S403 and s;gs. The treatments were significantly superior (50.11 kg
kg™) than control (49.00 kg kg™).

4.2.7.2 Agronomic Efficiency

The effect of nutrient sources, crop growth stages, and their interactions on

agronomic efficiency is presented in Table 16.

The effect of various nutrient sources on the agronomic efficiency expressed
in terms of kg yield increase per kg N, P and K applied was observed to be
significant. S; (potassium nitrate @ 0.5 per cent) recorded the maximum agronomic

efficiency for all the three nutrients followed by S, (19:19:19 complex).

The effect of crop growth stages for foliar nutrition on agronomic efficiency
was found to be significant. Foliar application at Gs (booting + flowering + milk
stage) recorded the maximum agronomic efficiency which was at par with G,

(booting + flowering stage).
The interaction effect also had significant effect on agronomic efficiency.
4.2.7.3 Apparent Recovery Efficiency

The data on the effect of nutrient sources, crop growth stages and their

interaction on apparent recovery efficiency are presented in Table 16.

The effect of various nutrient sources on apparent recovery efficiency was
observed to be significant. FLN with S; (potassium nitrate @ 0.5 per cent) recorded

the maximum apparent recovery efficiency followed by S, (19:19:19 complex) .

The effect of crop growth stages for foliar nutrition on apparent recovery was
non significant with respect to apparent recovery efficiency of N and P. Flag leaf

nutrition at booting+ flowering + milk stages (Gs) recorded significantly higher
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apparent recovery efficiency for K (0.54 kg kg™) and it was on par with G, (booting +
flowering stage). The interaction effect between nutrient sources and crop growth
stages also had significant effect on the apparent recovery efficiency of potassium.
The treatment combination s;g; (flag leaf nutrition with potassium nitrate at booting
stage) recorded significantly higher apparent recovery efficiency for potassium (1.11

kg kg™). It was on a par with 10, 5195 and S4gs.
4.3 YIELD ATTRIBUTES AND YIELD
4.3.1 Productive Tillers per m?

The data on the effect of nutrient sources, crop growth stages and their

interactions on the productive tillers per m? are presented in Table 17.

The nutrient sources had significant effect on productive tillers. S; (potassium
nitrate @ 0.5 per cent) resulted in maximum productive tiller count (490.19 per m).

The effect of crop growth stages for foliar nutrition on productive tillers per
m? was found to be significant. Foliar nutrition at booting and flowering stage
recorded the highest value of 432.95 per m® It was at par with foliar nutrition at
booting stage (G3).

The interaction between nutrient sources and crop growth stages also had
significant effect on productive tillers per m? with s,g; (potassium nitrate @ 0.5 per
cent at booting stage) recording the maximum productive tillers per m. It was on par
with s102, 103, and s,gs. The treatment and the control did not show any significant

variation.
4.3.2 Panicle Length

The data on panicle length as effected by nutrient sources, crop growth stages,

and their interactions are presented in Table 17.
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The panicle length varied significantly among the different nutrient sources.
Panicles were significantly longer (21.38 cm) with flag leaf nutrition with potassium

nitrate (S;) @ 0.5 per cent. The effect of all the other four nutrient sources was at par.

The panicle length did not show any significant variation among different
crop growth stages chosen for flag leaf nutrition. The interaction effect between
nutrient sources and crop growth stages also failed to prove significance. The

treatments and control did not exhibit any significant variation in panicle length.
4.3.3 Grain Weight per Panicle

The results on the effect of nutrient sources, crop growth stages, and their

interactions on grain weight per panicle are presented in Table 17.

Nutrient sources had significant effect on the grain weight per panicle. Foliar
spray of potassium nitrate @ 0.5 per cent (S;) resulted in maximum grain weight per
panicle (2.18 g), followed by 19:19:19 complex (S4) which recorded a grain weight of
1.84 g per panicle. The treatments Ss (combination of calcium nitrate, magnesium

sulphate and 19:19:19 complex) and S, (calcium nitrate) remained at par.

The crop growth stages chosen for foliar nutrition and the interaction between
nutrient sources and crop growth stages failed to exert any significant effect on grain
weight per panicle. However the treatment (1.74 g per panicle) and the control (1.43

g per panicle) showed significant variation.
4.3.4 Spikelets per Panicle

The results on the effect of flag leaf foliar nutrition at different crop growth

stages on spikelets per panicle are presented in Table 18.

The nutrient sources used for flag leaf nutrition had significant effect on the

number of spikelets per panicle. Potassium nitrate @ 0.5 per cent (S;) recorded the
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highest number of spikelets per panicle (89.11). The effect of all the other four

nutrient sources was at par.

The crop growth stages chosen for foliar nutrition failed to exert any

significant effect on spikelets per panicle.

The interaction between nutrient sources and crop growth stages had
significant effect on spikelets per panicle. The treatment s;g; (potassium nitrate at
booting stage) recorded the maximum value (90.87) and remained on a par with s;g,
(potassium nitrate at booting and flowering stages). No significant difference was

observed between treatments and the control.
4.3.5 Filled Grains per Panicle

The results on the effect of nutrient sources, crop growth stages and their

interactions on filled grains per panicle are presented in Table 18.

The effect of nutrient sources on filled grains per panicle was observed to be
significant. The nutrient source (S;) potassium nitrate (86.33) recorded the maximum
filled grains per panicle. It was at par with S, (calcium nitrate @ 0.5 per cent).

The filled grains per panicle did not show any significant variation among
different crop growth stages. The interaction effect between nutrient source and crop
growth stages also failed to prove significance. The treatment and the control did not

show any significant variation.
4.3.6 Sterility Percentage

The data on sterility percentage as effected by nutrient source, crop growth

stages and their interactions are presented in Table 18.

The effect of various nutrient sources on sterility percentage was observed to

be significant. Flag leaf nutrition with potassium nitrate recorded the minimum
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Table 17. Effect of nutrient sources,
productive tillers per m?, panicle length and grain weight per panicle

growth stages and their

interaction on

Treatments Productiveztillers PEr | banicle length (cm) Grain \{veight per
m panicle (g)
Nutrient sources
Si 490.19 21.38 2.18
S, 447.09 19.55 1.62
Ss 379.42 18.96 1.44
S4 405.58 19.76 1.84
Ss 386.47 19.82 1.63
Growth stages
G, 429.28 19.71 1.73
G, 432.95 20.45 1.75
G; 403.02 19.52 1.75
Interaction effects
S10; 494.84 21.50 2.16
S10> 481.70 21.70 2.13
5103 494.03 20.93 2.26
S04 412.44 19.35 1.73
S20> 435.13 19.96 1.70
S203 493.70 19.33 1.43
S301 447.25 19.61 1.36
S302 377.45 19.63 1.46
S303 313.57 17.65 1.50
S401 464.63 18.69 1.76
S0 438.17 20.42 1.86
S403 313.94 20.16 1.90
Ss01 327.24 19.42 1.63
S502 432.32 20.53 1.60
S503 399.85 19.51 1.66
Treatment mean 421.75 19.89 1.74
Control 417.24 19.40 1.43
SEm(x) : S 4.117 0.348 0.052
G 3.191 0.270 0.040
SG 8.646 0.584 0.095
CD (0.05): S 11.927 1.010 0.153
G 9.238 - -
SG 24.824 - -
Treatment Vs Control NS NS S
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Table 18. Effect of nutrient sources,
spikelets per panicle, filled grains per panicle, sterility percentage and
thousand grain weight

growth stages and their

interaction on

T Spikelets per Filled grains Sterility 1000 grain
reatments : . .
panicle per panicle percentage weight (g)
Nutrient sources
S; 89.11 86.33 11.94 28.55
S, 83.47 84.82 14.67 24.28
S; 81.83 79.50 14.22 24.50
S, 82.58 80.88 12.66 26.73
Ss 81.85 82.15 13.97 23.09
Growth stages
G 84.21 82.55 13.39 25.18
G, 83.44 82.91 13.68 25.48
Gs 83.64 82.75 13.40 25.63
Interaction effects
S101 90.87 87.18 11.54 27.32
102 88.92 86.53 12.82 27.16
S103 87.53 85.28 11.48 31.17
S01 86.60 81.02 14.91 25.42
Sy0> 81.20 88.93 14.65 24.31
S203 82.62 84.52 14.45 23.12
S301 82.28 80.93 14.42 24.68
S302 81.80 77.11 14.03 25.03
S303 81.40 80.46 14.20 23.79
S401 80.76 79.78 12.91 24.90
S402 84.01 81.24 12.15 28.09
S403 82.96 81.63 12.93 27.21
Ss01 80.57 83.83 13.17 23.60
S50 81.27 80.77 14.77 22.82
S503 83.70 81.87 13.97 22.85
Treatment mean 83.76 82.73 13.49 25.43
Control 82.57 81.02 16.05 2151
SEm(x) : S 0.578 1.284 0.173 0.733
G 0.448 0.995 0.289 0.568
SG 1.084 2.216 0.624 1.219
CD (0.05): S 1.676 3.722 1.081 2.125
G - - - -
SG 3.114 - - -
Treatment Vs Control NS NS S S
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sterility percentage (11.94 per cent) and it remained on a par with S; (19:19:19
complex). Sterility percentage was significantly higher at S, (calcium nitrate) which
remained on a par with Sz (magnesium sulphate) and Ss (combination of calcium

nitrate, magnesium sulphate and 19:19:19 complex).

The crop growth stages and the interaction between nutrient sources and crop
growth stages failed to exert any significant effect on sterility percentage. However
the treatment and the control showed significant variation. Treatment effect recorded

significantly lower sterility percentage (13.49 per cent) than control (16.05 per cent).
4.3.7 Thousand Grain Weight

The data on sterility percentage as effected by nutrient source, crop growth

stages and their interactions are presented in Table 18.

The effect of various nutrient sources on thousand grain weight was observed
to be significant recording the highest value for the nutrient source (S;) potassium
nitrate (28.55 g). It was at par with S4 (19:19:19 complex).

The crop growth stages and the interaction between nutrient sources and crop
growth stages failed to exert any significant effect on thousand grain weight.
However the treatment and the control showed significant variation. The thousand
grain weight was observed to be significantly higher in treatments (25.43 g) as

compared to control (21.51 g).
4.3.8 Grain Yield

The data on the effect of nutrient sources, crop growth stages and their

interactions on the grain yield are presented in Table 19.

The effect of nutrient sources used for foliar nutrition had significant effect on
grain yield. Potassium nitrate @ 0.5 per cent (S;) recorded the highest value (5.95 t
ha) followed by 19:19:19 complex (S;). Foliar spraying of Ss (combination of
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calcium nitrate, magnesium sulphate and 19:19:19 complex), Sz (magnesium

sulphate) and S; (calcium nitrate) remained at par.

The growth stage chosen for foliar nutrition exerted significant effect on grain
yield. The treatment Gs (flag leaf nutrition at booting + flowering +milk stage)
recorded the maximum grain yield (4.68 t ha™). It was at par with G, (flag leaf

nutrition at booting and flowering stages).

The interaction between nutrient source and crop growth stages also had
significant effect on grain yield. The treatment s;g; (potassium nitrate at booting
stage) recorded the highest yield of 6.28 t ha™. It was at par with sig; and s;gs. The
treatment (4.50 t ha™) and the control (4.41 t ha™) also showed significant variation.

4.3.8 Straw Yield

The straw yield as influenced by nutrient sources, crop growth stages and
their interactions recorded are presented in Table 19.

The effect of various nutrient sources on straw yield was observed to be
significant. Potassium nitrate @ 0.5 per cent (S;) recorded the highest straw yield
(9.29 t ha™) followed by 19:19:19 complex. Flag leaf nutrition of Ss (combination of
calcium nitrate, magnesium sulphate and 19:19:19 complex), Sz (magnesium

sulphate) and S; (calcium nitrate) remained at par.

The crop growth stages used for foliar nutrition and their interaction between
nutrient sources and crop growth stages failed to exert any significant effect on straw
yield. However the treatment and the control showed significant variation with

respect to straw yield.
4.3.9 Harvest Index

The results on the effect of nutrient sources, crop growth stages and their

interactions on harvest index are presented in Table 19.
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Table 19. Effect of nutrient sources,

growth stages and their

grain yield, straw yield, harvest index and grain to straw ratio

interaction on

Treatments Grain yield (t ha™) | Straw yield (t ha™) I—:ﬁa\gexst Grain:Straw
Nutrient sources
S, 5.95 9.29 0.39 0.64
S, 3.70 5.15 0.42 0.72
Ss 3.92 5.17 0.43 0.77
S, 5.01 6.40 0.44 0.80
Ss 3.95 5.24 0.43 0.79
Growth stages
G, 4.31 6.13 0.41 0.72
G, 4,52 6.38 0.42 0.73
G, 4.68 6.24 0.43 0.77
Interaction effects
S101 6.28 9.01 0.37 0.70
10, 5.72 9.59 0.41 0.60
S103 5.86 9.28 0.39 0.63
S01 3,51 5.31 0.41 0.66
S0 3.64 5.34 0.40 0.69
Sy03 3.95 481 0.45 0.82
S301 3.65 4,53 0.42 0.81
S302 4.06 5.67 0.45 0.72
S30s 4.04 5.31 0.43 0.76
S401 454 6.14 0.44 0.76
S402 4.78 6.26 0.43 0.77
S403 5.72 6.80 0.46 0.86
S501 3.57 5.68 0.46 0.69
S50 4.42 5.04 0.38 0.87
S50s 3.85 5.01 0.44 0.80
Treatment mean 4.50 6.25 0.42 0.74
Control 4.41 458 0.49 0.96
SEm(x) : S 0.127 0.275 0.027 0.150
G 0.098 0.213 0.030 0.131
SG 0.374 0.589 0.109 0.112
CD (0.05): S 0.368 0.798 0.030 0.115
G 0.285 - - -
SG 1.074 - - -
Treatment Vs Control S S NS NS
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The nutrient sources alone showed significant effect on harvest index. Foliar
feeding with 19:19:19 complex @ 0.5 per cent (S;) recorded the maximum harvest
index (0.44). The other nutrient sources Sz (magnesium sulphate) and Ss (combination
of calcium nitrate, magnesium sulphate and 19:19:19 complex) were on par with S,.
The treatment and the control did not show any significant difference with respect to

harvest index.
4.3.10 Grain to Straw Ratio

The results on the effect of nutrient sources, crop growth stages and their

interactions on grain to straw ratio are presented in Table 19.

The nutrient sources had significant effect on grain to straw ratio with
19:19:19 complex @ 0.5 per cent (S4) recording the maximum grain to straw ratio
(0.80). The nutrient sources S, (calcium nitrate), Sz (magnesium sulphate) and Ss
(combination of calcium nitrate, magnesium sulphate and 19:19:19 complex) were on

par with S4. The treatment and the control did not show any significant variation.
4.4 PLANT ANALYSIS
4.4.1 Index Leaf Analysis

The results on the index leaf (flag leaf) analysis with respect to its nitrogen,
phosphorus, potassium, calcium, magnesium and sulphur contents are presented in
Tables 20 and 21.

Nitrogen content of the index varied significantly with the nutrient sources.
Flag leaf nutrition with a combination treatment of calcium nitrate, magnesium
sulphate and 19:19:19 complex (Ss) recorded the highest N content (1.85 per cent). It
was on a par with (S;) potassium nitrate @ 0.5 per cent. Neither the crop growth
stages nor the interaction effects was found to be significant. The treatment and the

control did not show any significant variation.
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Table 20. Effect of nutrient sources,

index leaf analysis, per cent

growth stages and their

interaction on

Treatments N p K
Nutrient sources
S 1.80 0.62 1.56
S, 1.74 0.54 1.54
S 1.55 0.67 1.49
Ss 1.66 0.68 1.42
Ss 1.85 0.73 1.54
Growth stages
G, 1.70 0.63 1.48
G, 1.73 0.65 1.54
Gs 1.73 0.66 1.50
Interaction effects
$101 1.75 0.65 1.47
S10> 1.91 0.60 1.31
S103 1.74 0.60 1.29
S201 1.73 0.60 1.37
So0> 1.81 0.46 1.30
7203 1.68 0.57 1.35
S301 1.45 0.67 1.34
S303 1.58 0.62 1.26
S401 1.71 0.61 1.15
S40> 1.63 0.70 1.23
S50 1.71 0.67 131
S503 2.01 0.77 1.34
Treatment mean 1.72 0.59 1.30
Control 1.59 0.59 1.25
SEm(x) : S 0.077 0.035 0.032
G 0.034 0.027 0.025
SG 0.105 0.060 0.008
CD (0.05): S 0.092 0.102 0.095
G - - -
SG - - -
Treatment Vs Control NS NS NS
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Table 21. Effect of nutrient sources,

index leaf analysis, per cent

growth stages and their

interaction on

Treatments Ca Mg S
Nutrient sources
S 0.278 0.177 0.070
S, 0.340 0.257 0.068
S 0.336 0.273 0.084
Ss 0.291 0.266 0.079
S 0.321 0.263 0.070
Growth stages
G, 0.318 0.233 0.069
G, 0.320 0.283 0.077
Gs 0.301 0.226 0.077
Interaction effects
$101 0.170 0.160 0.059
S10> 0.393 0.216 0.075
5103 0.273 0.156 0.076
S201 0.360 0.210 0.070
S20> 0.350 0.270 0.065
703 0.310 0.293 0.068
S301 0.356 0.253 0.067
S30> 0.353 0.243 0.091
S303 0.300 0.296 0.094
S401 0.363 0.250 0.081
S40> 0.173 0.243 0.075
S403 0.336 0.320 0.082
S501 0.343 0.253 0.068
S50 0.333 0.300 0.078
S503 0.286 0.176 0.065
Treatment mean 0.260 0.240 0.080
Control 0.380 0.210 0.060
SEm(x) : S 0.025 0.019 0.002
G 0.019 0.015 0.001
SG 0.050 0.034 0.003
CD (0.05): S - 0.057 0.006
G - 0.044 0.005
SG - - 0.113
Treatment Vs Control NS NS NS
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Nutrient sources alone had significant effect on phosphorus content of index
leaf. Flag leaf nutrition with a combination treatment of calcium nitrate, magnesium
sulphate and 19:19:19 complex (Ss) recorded the highest P content (0.73 per cent) .It
was on a par with Sy (19:19:19 complex) and Sz (magnesium sulphate). The treatment

mean and control did not show any significant variation.

The potassium content of index leaf also exhibited significant variation among
the different nutrient sources. Flag leaf nutrition with (S;) potassium nitrate @ 0.5 per
cent recorded significantly higher K content (1.56 per cent). It was at par with S;
(calcium nitrate), (Ss) combination treatment of calcium nitrate, magnesium sulphate
and 19:19:19 complex and Sz (magnesium sulphate). The effect of crop growth stages
and interaction between nutrient sources and crop growth stages proved to be non
significant. The K content of index leaf did not vary significantly between treatments
and the control.

Calcium content of the index leaf did not vary significantly with the
treatments or their interactions. The treatment and the control did not show any

significant variation.

The magnesium content of index leaf was observed to vary significantly with
nutrient sources and crop growth stages. The treatment magnesium sulphate (S3)
recorded the highest magnesium content (0.27 per cent). It was at a par with S,
(19:19:19 complex), S; (calcium nitrate), and Ss (combination treatment of calcium
nitrate, magnesium sulphate and 19:19:19 complex). Flag leaf nutrition at booting +

flowering stage recorded highest magnesium content (0.283 per cent).

The effect of nutrient sources used for foliar nutrition had significant effect on
sulphur content of index leaf. The treatment (S3) magnesium sulphate @ 0.5 per cent
recorded the highest sulphur content (0.084 per cent). It was at par with S4 (19:19:19
complex). The growth stage chosen for foliar nutrition exerted significant effect on

sulphur content of index leaf. The treatment G (foliar spray at booting, flowering and
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milk stage) recorded the maximum sulphur content (0.077 per cent). It was at par
with G, (booting + flowering stages). The interaction between nutrient source and
crop growth stages also had significant effect on sulphur content. The treatment s3;gs3
(magnesium sulphate at booting + flowering + milk stages) recorded the highest
sulphur content of 0.094 per cent. The treatment and the control did not show any

significant variation.
4.4.2 Nutrient Uptake
4.4.2.1 Uptake of Major Nutrients

The data on the effect of nutrient sources, crop growth stages and their
interactions on uptake of the major nutrients viz., nitrogen, phosphorus and potassium

are presented in Table 22.

The nutrient sources had significant effect on nitrogen uptake. Flag leaf
nutrition with potassium nitrate @ 0.5 per cent (S;) recorded significantly higher
nitrogen uptake (106.05 kg ha™) followed by 19:19:19 complex (Ss4). The crop growth
stages chosen for foliar nutrition and the interaction between nutrient sources and
crop growth stages failed to exert any significant effect in nitrogen uptake. No

significant difference was found between the treatments and the control.

As in the case of nitrogen uptake, nutrient sources alone had significant effect
on P uptake. Significantly superior P uptake (15.25 kg ha™) was recorded with flag
leaf nutrition of potassium nitrate @ 0.5 per cent (S1). The next best treatment was S,
(19:19:19 complex). The effect of all the other three sources were at par. However
significant difference was observed between the treatments and the control with the
treatments exhibiting superiority (10.76 kg ha™) over control (6.66 kg ha™).

Potassium uptake varied significantly with nutrient sources, growth stage sand
their interaction. The treatment S; (potassium nitrate @ 0.5 per cent) recorded
significantly higher K uptake (107.59 kg ha™), followed by S; (19:19:19 complex at

72



0.5 per cent). The treatments Ss (combination treatment of calcium nitrate,
magnesium sulphate and 19:19:19 complex), S; (magnesium sulphate) and S,
(calcium nitrate) remained at par. The crop growth stages chosen for foliar nutrition
exerted significant effect on potassium uptake. Flag leaf nutrition at booting +
flowering + milk stages (Gs) recorded the maximum K uptake (85.95 kg ha™). It was
at par with G, (booting + flowering stage). The interaction effect was also significant
effect. The treatment combination, s;g: (potassium nitrate 0.5 per cent at booting
stage recorded significantly higher K uptake (113.10 kg ha™). The treatments sigy,
$103 and s4g3 remained at par. The treatment and the control did not show any

significant variation.
4.4.2.2 Uptake of Secondary Nutrients

The data on the effect of nutrient sources, crop growth stages and their
interactions on uptake of the secondary nutrients viz., calcium, magnesium and

sulphur are presented in Table 23.

Nutrient sources alone had significant effect on calcium uptake. Flag leaf
nutrition with calcium nitrate @ 0.5 per cent (S;) recorded significantly higher uptake
(12.21 kg hal). It was at par with Ss (combination treatment of calcium nitrate,
magnesium sulphate and 19:19:19 complex). Further, the treatments S, (19:19:19
complex) and S; (potassium nitrate) remained at par. The crop growth stages chosen
for foliar nutrition and the interaction between nutrient sources and crop growth
stages failed to exert any significant effect on calcium uptake. No significant
difference could be observed in calcium uptake between the treatments and the

control.

Magnesium uptake was not observed to vary significantly under the influence
of nutrient sources, crop growth stages and their interactions. The treatments and

control also failed to vary significantly in magnesium uptake.
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Sulphur uptake showed significant difference with nutrient sources, crop
growth stages chosen for flag leaf nutrition and their interaction. Flag leaf nutrition
with magnesium sulphate @ 0.5 per cent (S3) recorded significantly higher sulphur
uptake (10.59 kg ha™), followed by S; (19:19:19 complex) and S, (calcium nitrate),
which recorded sulphur uptake values of 9.75 kg ha™ and 8.02 kg ha™ respectively.
The effect of S; and Ss remained at par. Among the three crop growth stages chosen
for flag leaf nutrition, G; (booting + flowering + milk stages) was observed to record
significantly higher sulphur uptake (9.37kg ha™). The treatment combination, ssg;
(magnesium sulphate at booting + flowering stages) recorded significantly higher
sulphur uptake (11.20 kg ha™). Significant variation was also observed between the
treatments (8.71 kg ha™) and the control (7.24 kg ha™).

4.4.3 Crude Protein Content of Grain

The results on crude protein content of grain as affected by nutrient sources,

crop growth stages and their interactions are presented in Table 23.

The crude protein content varied significantly with different nutrient sources.
Flag leaf nutrition of (S;) potassium nitrate @ 0.5 per cent recorded the maximum
crude protein content (8.26 per cent), which remained at par (7.73 per cent) with
19:19:19 complex (S;). While the effect of crop growth stages chosen for flag leaf
nutrition had no significant effect, the interaction effect between nutrient sources and
crop growth stages was significant with respect to the crude protein content of the
grain. The crude protein content of the grain was significantly higher (8.34 per cent)
with flag leaf nutrition of 0.5 per cent potassium nitrate at booting + flowering stages
(5102). The treatments S10», S103, S201, S401, Sag2 and S403 were at par. The treatment
and the control also did not show any significant variation.
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Table 22. Effect of nutrient sources, growth stages and their interaction on uptake of N, P

and K, kg ha™
Treatments N p K
Nutrient sources
S 106.05 15.25 107.59
S, 62.71 8.86 70.47
S 64.30 9.09 71.69
Ss 82.39 11.41 90.34
S 63.73 9.19 73.96
Growth stages
G, 74.81 10.45 78.78
G, 75.31 10.91 83.70
Gs 77.38 10.92 85.95
Interaction effects
$101 107.92 15.30 113.10
S10> 105.19 15.31 104.05
5103 105.03 15.14 105.63
S201 59.62 8.83 67.67
S20> 62.28 8.99 70.77
703 66.23 8.76 72.97
S301 63.04 8.18 64.90
S30> 61.92 9.75 75.89
S303 67.94 9.35 74.30
S401 81.13 10.68 80.94
S40> 79.61 11.04 87.08
S403 86.15 12.53 103.01
S50 67.58 9.47 80.73
S503 61.57 8.86 73.85
Treatment mean 75.81 10.76 82.81
Control 84.15 6.66 99.90
SEm(x) : S 2.635 0.340 2.271
G 2.043 0.263 1.760
SG 11.399 0.891 6.314
CD (0.05): S 7.635 0.985 6.579
G - - 5.096
SG - - 16.134
Treatment Vs Control NS S NS
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Table 23. Effect of nutrient sources,

growth stages and their interaction on
uptake of Ca, Mg, S and crude protein content of grain

Treatments Ca Mg S Crude protein
(kg ha™) (kg ha™) (kg ha™) (per cent)
Nutrient sources
S, 11.45 7.71 7.64 8.26
S, 12.21 11.41 8.02 6.61
Ss 10.12 12.02 10.59 5.71
S 11.52 6.52 9.75 7.73
Ss 12.13 7.54 7.56 6.40
Growth stages
G, 11.37 7.78 7.90 6.93
G, 11.64 8.44 8.87 7.02
G, 11.49 10.90 9.37 6.80
Interaction effects
S10; 11.23 7.38 7.44 8.25
10, 11.34 8.29 8.33 8.34
S103 11.78 7.46 7.14 8.19
So01 11.76 6.82 7.28 6.80
S0 12.40 6.80 6.86 7.46
S203 12.49 20.62 9.91 5.57
S301 10.21 11.48 10.16 5.68
S302 10.30 12.33 11.20 5.78
S30s 9.85 12.26 10.41 5.67
S401 11.88 5.36 8.09 7.63
S40> 11.61 7.46 11.01 7.23
S403 11.07 6.74 10.17 8.33
S501 11.55 7.89 6.52 6.73
S50> 12.59 7.31 6.96 5.84
S503 12.26 7.43 9.21 6.64
Treatment mean 11.48 9.04 8.71 6.94
Control 11.82 6.88 7.24 7.03
SEm(x) : S 0.22 1.996 0.092 0.206
G 0.17 1.547 0.071 0.159
SG 0.41 3.357 0.164 0.497
CD (0.05): S 0.66 - 0.267 0.598
G - - 0.207 -
SG - - 0.047 1.337
Treatment Vs Control NS NS S NS
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4.5 SOIL ANALYSIS AFTER THE EXPERIMENT
4.5.1 Organic Carbon

The data on soil organic carbon content after the experiment are presented in
Table 24.

The soil organic carbon was not observed to vary significantly under the
influence of nutrient sources, crop growth stages, and their interactions. The

treatment and the control also did not show any significant variation.
4.5.2 Available Nitrogen

The data on available soil nitrogen as effected by nutrient sources, crop

growth stages and their interactions are presented in Table 24.

The effect of nutrient sources used for foliar nutrition had significant effect on
available soil nitrogen status. The treatment (S;) potassium nitrate @ 0.5 per cent
recorded the highest available nitrogen (290.76 kg ha™).

The growth stage chosen for flag leaf nutrition exerted significant effect on
the available nitrogen status of soil. The treatment G, (foliar spray at booting and
flowering stage) recorded the maximum soil available nitrogen (223.71 kg ha™). It
was at par with G3 (booting + flowering + milk stage).

The interaction between nutrient source and crop growth stages also had
significant effect on available soil nitrogen. The treatment s;g; (potassium nitrate at
booting stage, flowering and milk stage) recorded the highest available nitrogen
(319.07 kg ha™). It was at at par with s;g, (potassium nitrate at booting and flowering
stage) and s40; (19:19:19 complex at booting stage). The treatment and the control

showed significant variation.
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4.5.3 Available Phosphorus

The results on the effect of nutrient sources, crop growth stages and their interaction

on soil available phosphorus are presented in Table 24.

The nutrient sources alone had significant effect on phosphorus content.
Potassium nitrate @ 0.5 per cent (S;) recorded the maximum available phosphorus
(33.86 kg ha™). It was at a par with Ss (combination of calcium nitrate, magnesium
sulphate and 19:19:19 complex) and S; (calcium nitrate).

The crop growth stages chosen for foliar nutrition and the interaction between
nutrient sources and crop growth stages failed to exert any significant effect on the
available phosphorus status of soil. No significant difference was found between the

treatments and the control.
4.5.4 Available Potassium

The results on the effect of nutrient sources, crop growth stages and their

interaction on available soil potassium status are presented in Table 24.

The nutrient sources used for flag leaf nutrition had significant effect on the
available potassium status of soil. Potassium nitrate @ 0.5 per cent (S;) recorded the
highest available potassium content (185.66 kg ha™). It was at par with (Ss)

magnesium sulphate.

The crop growth stages chosen for foliar nutrition failed to exert any

significant effect on soil available potassium.

The interaction between nutrient sources and crop growth stages had
significant effect on soil available potassium. The treatment s1gs; (potassium nitrate at
booting, flowering and milk stage) recorded the maximum available potassium status

of soil (203.25 kg ha™). It was at a par with s3g, (magnesium sulphate at booting and
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flowering stages). The available potassium status of soil was significantly higher with
the treatments (171.94 kg ha™) than control (157.29 kg ha™).

4.5.5 Available Calcium

The data on soil calcium as effected by nutrient sources, crop growth stages,

and their interactions are presented in Table 25.

Nutrient sources, crop growth stages and their interaction exhibited significant
effect on the available calcium status of the soil after the experiment. While flag leaf
nutrition with calcium nitrate @ 0.5 per cent (S;) recorded significantly higher
available Ca (283.24 mg kg™), the treatments S; (potassium nitrate) and S4 (19:19:19
complex) remained at par. The treatment G, (foliar spray at booting and flowering
stage) recorded the maximum available calcium (272.75 mg kg™). The treatment
combination s,4g9; (19:19:19 complex at booting stage) recorded the highest available
calcium status (309.94 mg kg™). It was on par with ssgs (magnesium sulphate at

booting + flowering + milk stage).

The control (291.15 mg kg™) proved significantly superior than treatment
(267.48 mg kg™) in maintaining the available calcium status of soil.

4.5.6 Available Magnesium

The results on the effect of nutrient sources, crop growth stages and their

interaction on available soil magnesium are presented in Table 25.

The nutrient sources used for flag leaf nutrition had significant effect on the
available magnesium status of soil. S3 (magnesium sulphate @ 0.5 per cent) recorded
the highest available magnesium status (66.20 mg kg™) and was at par with (S4)
19:19:19 complex.

The crop growth stages chosen for foliar nutrition failed to exert any

significant effect on available soil magnesium status.



Table 24. Effect of nutrient sources,

growth stages and their

interaction on

organic carbon and available NPK status of soil after the experiment

Treatments Organic carbon Availabl_tla N Availab!le P Availabl_(la K
(per cent) (kg ha™) (kg ha™) (kg ha™)
Nutrient sources
S 0.69 290.76 33.86 185.66
S, 0.67 183.39 32.31 164.34
Ss 0.63 161.21 28.57 184.72
Ss 0.68 274.26 28.38 164.97
Ss 0.68 177.49 33.62 160.01
Growth stages
G, 0.66 210.59 31.27 170.94
G, 0.70 223.71 31.32 171.80
G; 0.65 217.97 31.46 173.08
Interaction effects
S101 0.64 245.65 36.39 176.50
S10> 0.75 307.55 33.20 177.22
5103 0.68 319.07 32.00 203.25
S04 0.69 160.83 31.98 161.95
S0 0.73 198.80 33.04 165.59
S20s 0.59 190.54 31.89 165.50
S301 0.58 162.27 28.49 187.84
S302 0.61 153.00 29.39 196.76
S303 0.70 168.35 27.84 169.58
S401 0.68 303.33 28.92 170.57
S0 0.69 288.02 27.04 157.35
S403 0.67 231.43 29.17 166.99
S501 0.69 180.86 30.55 157.85
S50 0.71 171.18 33.92 162.08
S503 0.69 180.45 36.38 160.11
Treatment mean 0.67 203.52 27.56 171.94
Control 0.67 195.79 33.06 157.29
SEm(x) : S 0.224 3.812 0.967 1.180
G 0.015 2.955 0.750 0.914
SG 0.036 6.419 1.612 3.981
CD (0.05): S - 11.044 2.804 3.420
G - 8.554 - -
SG - 18.427 - 11.429
Treatment Vs Control NS S NS S
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Table 25. Effect of nutrient sources,

growth stages and their

interaction on

available Ca, Mg and S status of soil after the experiment, mg kg™

Treatments Ca Mg S
Nutrient sources
S, 278.82 61.93 8.42
S, 283.24 61.23 9.79
S3 266.44 66.20 10.27
Sy 276.80 65.08 8.07
Ss 232.15 58.34 9.01
Growth stages
G, 262.37 62.80 9.20
G, 272.75 63.69 9.44
Gs 267.33 61.18 8.69
Interaction effects
S101 278.36 61.21 8.09
$10> 267.10 62.81 8.80
103 290.99 61.77 8.37
201 261.25 59.16 9.94
S202 293.71 64.19 10.02
S203 294.76 60.33 9.43
S301 207.45 73.60 10.32
S302 290.28 62.71 10.67
S303 301.60 62.30 9.83
S401 309.94 60.64 8.24
S40> 276.26 69.90 8.03
S403 244.19 64.72 7.93
Ss01 254.87 59.39 9.43
S50 236.43 58.83 9.69
S503 205.14 56.80 7.91
Treatment mean 267.48 62.55 9.11
Control 291.15 68.65 7.76
SEm(x) : S 2.552 1.072 0.389
G 1.978 1.860 0.301
SG 4.664 1.917 0.667
CD (0.05): S 7.395 3.108 1.127
G 5.728 - -
SG 13.388 5.505 -
Treatment Vs Control S S NS
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The interaction between nutrient sources and crop growth stages had
significant effect on available soil magnesium.The treatment szg; (magnesium
sulphate at booting stage) recorded the maximum available magnesium (73.60 mg kg
1) and was at a par with s,g, (19:19:19 complex at booting and flowering stages). As
in the case of available calcium the available magnesium status of soil was also

significantly higher in control (68.65 mg kg™) than treatment (62.55 mg kg™).
4.5.7 Available Sulphur

The results on the effect of nutrient sources, crop growth stages and their

interaction on available sulphur content are presented in Table 25.

The nutrient sources alone had significant effect on available sulphur content.
Flag leaf nutrition with magnesium sulphate @ 0.5 per cent (S3) recorded the
maximum available sulphur (10.27 mg kg™*) and was at a par with S, (calcium

nitrate).

The crop growth stages chosen for foliar nutrition and the interaction between
nutrient sources and crop growth stages did not have any significant effect on the
available sulphur status of soil. No significant difference was found between the
treatments and the control.

4.6 ECONOMIC ANALYSIS

The data on the effect of nutrient sources, crop growth stages and their
interaction on gross income, net income and benefit cost ratio are presented in
Table 26.

4.6.1 Gross income

The nutrient sources alone had significant effect on gross income. Flag leaf
nutrition with potassium nitrate (S;) recorded the maximum gross income (¥ 1,35,127

ha™) followed by 19:19:19 complex (Ss). The crop growth stages chosen for foliar
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nutrition and the interaction between nutrient sources and crop growth stages failed to
exert any significant effect on gross income. Significant difference was found
between the treatments (% 99612 ha™) and the control (T 102280 ha™).

4.6.2 Net Income

Nutrient sources alone had significant effect on net income. Significantly
higher net returns (¥ 70102 ha™) was recorded by application of potassium nitrate
(Sy) followed by 19:19:19 complex (S4). The crop growth stages chosen for foliar
nutrition and the interaction between nutrient sources and crop growth stages failed to
exert any significant effect on net income. Significant difference was found between
the treatments (¥ 34309 ha™) and the control (% 40357 ha™).

4.6.3 Benefit Cost Ratio

As in the case of gross income and net income, benefit cost ratio also showed
significant difference among the different nutrient sources. The highest benefit cost
ratio (2.07) was recorded by application of potassium nitrate (S;) followed by (1.65)
recorded with 19:19:19 complex (S4). The benefit cost ratio did not vary significantly
among the three crop growth stages chosen for flag leaf nutrition. The effect of the
interaction between nutrient sources and crop growth stages was also not significant.

Significant difference was found between the treatments (1.52) and the control (1.65).
4.6.4 Return per Rupee Invested on Nutrient Sources Including Manures

The data on the effect of nutrient sources (including manures) on return per

rupee invested are presented in Table 27.
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Return per rupee invested on nutrients (including organic manures, chemical
fertilizers and nutrient sources for FLN) was highest (¥ 3.30) when KAU POP was
supplemented with FLN by potassium nitrate, followed by 19:19:19 complex

(¥ 2.40). The control (KAU POP) gave T 2.34 in return for every rupee invested on
nutrient sources.
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Table 26. Effect of nutrient sources,

growth stages and their

cost of cultivation, gross income, net income and BC ratio

interaction on

Cost of Gross income Net income
Treatments cultivation @ ha) @ ha) BC ratio
T ha™)
Nutrient sources
S 65025 135127 70102 2.07
S, 65025 82135 17110 1.26
Ss 64825 86107 21282 1.32
S, 65175 107845 426830 1.65
Ss 66475 86847 20372 1.30
Growth stages
G, 63614 99685 36077 1.56
G, 65305 96666 31361 1.48
Gs 66996 102486 35490 1.53
Interaction effects
$101 63474 131817 68343 2.07
S10> 65025 140188 75163 2.15
S10s 66576 133377 66801 2.00
S04 63474 81643 18167 1.28
So0> 65025 79212 14187 1.22
7203 66576 85551 18975 1.28
S301 63374 90293 26919 1.42
S30 64825 82382 17557 1.27
S303 66276 85647 19371 1.29
S401 63549 99902 36383 1.57
S40 65175 100137 34962 1.53
S403 66801 123496 56694 1.84
Ss01 64199 94772 30573 1.47
S502 66475 81411 14936 1.27
S503 68751 84358 15607 1.22
Treatment mean - 99612 34309 1.52
Control 61923 102280 40357 1.65
SEm(x) : S 3111.91 3113.00 0.047
G 2412.33 2413.17 0.037
SG 8784.13 8784.34 0.314
CD (0.05): S 9014.90 9018.00 0.138
G - - -
SG - - -
Treatment Vs Control S S S
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Table 27. Effect of flag leaf nutrition on net returns per rupee invested on manures and

fertilizers, T3

Treatments Net returns per rupee invested
S1. KAU POP + potassium nitrate @ 0.5 per cent 3.30
S;: KAU POP + calcium nitrate @ 0.5 per cent 1.56
Sz : KAU POP + magnesium sulphate @ 0.5 per cent 1.70
Ss: KAU POP +19:19: 19 complex @ 0.5 per cent 2.40
Ss: KAU POP + (S, + S3+ Sy) 1.65
Control (KAU POP) 2.34
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Discussion



5. DISCUSSION

The experiment entitled “Flag leaf nutrition for enhancing resource use
efficiency in rice (Oryza sativa L.)” was undertaken to assess the effect of flag leaf
foliar nutrition on partitioning of photosynthates, growth and productivity of rice and
to work out the economics of the practice in lowland rice cultivation system. The

results of the experiment are discussed briefly in this chapter.
5.1 GROWTH AND GROWTH ATTRIBUTES

The data revealed that the growth and growth attributes, in general, varied
more significantly with nutrient sources used for flag leaf nutrition (FLN), as
compared to the growth stages chosen for flag leaf nutrition and the interaction

between nutrient sources and growth stages.

Plant height exhibited significant variation with nutrient sources, crop growth
stages and their interactions. The crop was significantly taller at booting stage when
KAU POP was supplemented with 19:19:19 complex @ 0.5 per cent. Potassium
nitrate @ 0.5 per cent resulted in taller plants at harvest stage. Among the three crop
growth stages, FLN at booting + flowering + milk stages recorded significantly taller
plants at harvest stage. The interaction effect showed that FLN with potassium nitrate
(0.5 per cent) at booting and flowering stages (s:1g2) was significantly superior with
respect to plant height. No significant variation was observed between the treatment
mean and the KAU POP (control). The effect of 19:19:19 complex on plant height
could be attributed to the availability of all the three major nutrients, which might
have improved the photosynthetic rate and carbohydrate translocation and in turn
increased the dry matter production, as reported by Jagathjothi et al. (2012). The
improvement in plant height under the effect of potassium nitrate might be due to the
important role of potassium and nitrogen in crop growth. Potassium might have
improved nutrient and sugar translocation in plant and helped in maintaining the

turgor pressure of the plant cells thereby increasing the meristematic activity. The
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role of nitrogen in enhancing the vegetative growth of crops has been well
documented. Similar results have been reported by Sarkar et al. (2007) and Hegazi et
al. (2011). Effective absorption of nutrients at critical growth stages result in
enhanced physiological activity leading to better growth (Kundu and Sarkar, 2009).
This might be the reason for increased plant height by FLN at the different crop

growth stages, among which booting and flowering stages are critical for rice.

The nutrient sources, crop growth stages and their interaction failed to exhibit
any significant effect on the number of tillers per hill and leaf area index. However,
numerically, FLN with potassium nitrate @ 0.5 per cent was observed to record

higher tiller count and leaf area index at the harvest stage.

In rice, the top three leaves especially the flag leaf plays an important role in
the assimilation and translocation of assimilates and ultimately influence the grain
yield (Ray et al., 1983; Misra, 1986). Thus the flag leaf area assumes paramount
importance in photosynthesis contributing to grain yield. The nutrient sources had
significant effect on flag leaf area, with potassium nitrate @ 0.5 per cent recording
significantly higher flag leaf area at booting (4.98 cm?) and flowering (8.11 cm?)
stages (Fig 3). It was at par with 19:19:19 complex at booting and flowering stages
and calcium nitrate at flowering stage . The interaction effect was also significant.
FLN with potassium nitrate @ 0.5 per cent registered a flag leaf area of 9.08 cm? at
booting and flowering stages (s1g2) and it was 42.3 per cent greater than that
registered by the control, KAU POP (6.38 cm?). Although FLN with calcium nitrate
at booting + flowering + milk stages (s.gs) proved superior at harvest stage, it
remained at par with several other treatments including FLN with potassium nitrate at
booting and flowering stages (s:02). Supplementing the KAU POP with FLN at
flowering, the most critical growth stage of rice was observed to increase the flag leaf
area by 17.9 per cent. Foliar feeding of potassium nitrate and calcium nitrate might

have resulted in better absorption and assimilation of nitrogen, resulting in higher flag
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leaf area. Similar results have been reported by Chopra and Chopra (2004) and
Sharief et al. (2006).

The number of days taken for panicle exsertion was not affected by the
treatments and their interactions. No variation was observed between treatments and
control. This finding is against the general belief that disturbing the paddy crop after
panicle initiation might delay the panicle exsertion or result in partial exsertion of

panicles.

Days to 50 per cent flowering was observed to be significantly more with
FLN of magnesium sulphate @ 0.5 per cent. The other treatments including the
control (KAU POP) showed only a variation of 4-5 days. The effect of magnesium
sulphate might be due to its key role in the maintenance of plant pigments, especially
chlorophyll. This might have prolonged the vegetative phase resulting in a slight
delay in flowering. According to Tisdale et al. (1995), magnesium is the only mineral
constituent in the chlorophyll molecule and chlorophyll formation alone account for
about 15- 20 per cent of the total magnesium content of the plant. Further sulphur is
also required for the synthesis of chlorophyll. The increase in chlorophyll content
under the influence of magnesium sulphate might have prolonged the vegetative
phase and delayed the flowering process. However the effect of magnesium sulphate
in prolonging the 50 per cent flowering period has not reflected in any improvement
in the grain yield of the crop.

5.2 PHYSIOLOGICAL STUDIES

Yield is a complex feature which is a function of numerous physiological
processes. ldentification of growth and physiological indices in analysis of factors
affecting yield and its components assumes paramount importance since its stability

determines the dry matter production.
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Leaf area duration was observed to be longest (41.88 days) when KAU POP
was supplemented with FLN of calcium nitrate @ 0.5 per cent and was at par with all
the other nutrient sources except potassium nitrate. Prevalence of Ca®* cation plays a
key role in cellular functions and enzyme activity (Bush, 1995) and result in more
rational utilization of soil nitrogen and more active assimilation of NOs- N in roots
and leaves (Kondratev et al., 1984), leading to delay in senescence as evidenced by

better leaf area duration.

Specific leaf weight (SLW) is a vital variable related to physiological
processes occurring in plants. The present study revealed significant variation in
SLW with nutrient sources and with the interaction between nutrient sources and crop
growth stages. SLW at flowering was higher (2.11 g m®) with Ss (combination of
calcium nitrate, magnesium sulphate and 19:19:19 complex) and at harvest (2.11 g m"
%) with 19:19:19 complex @ 0.5 per cent. In the case of interaction effect, application
of potassium nitrate at booting stage recorded higher SLW. The better nutrient
balance supported by the treatments might have contributed towards increasing the
SLW. According to Braun and Wild (1984) and Field and Mooney (1986) specific
leaf weight is very sensitive to plant nutrient status and nutrient application increases
the specific leaf weight. Specific leaf weight, a measure of leaf thickness, has been
reported to have a strong positive correlation with leaf photosynthesis of several
crops as reported by Bowes et al. (1972). Dornhoff and Shibles (1970) presumed that
higher SLW might be associated with higher cell surface to volume ratio and hence
lower mesophyll resistance to CO, entry and increase in photoassimilates

accumulation in soybean.

The nutrient sources exhibited significant effect on the relative growth rate
and net assimilation rate. FLN with potassium nitrate @ 0.5 per cent recorded
maximum relative growth rate at flowering (0.057 mg g™ day™) and harvest stages
(0.028 mg g™ day™). Net assimilation rate recorded at booting (3.76 mg g™ day™)
and flowering stages (2.58 mg g™ day™) were also significantly superior with FLN of
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potassium nitrate @ 0.5 per cent. The improvement in RGR and NAR under the
influence of potassium nitrate could be traced to the importance of potassium and
nitrogen in improving the growth and photosynthesis of the crops. Kundu and Sarkar
(2009) have highlighted the role of potassium in photosynthesis, by directly
increasing growth and leaf area index and hence carbon dioxide assimilation
enhances outward translocation of more ATP essential for vigorous growth of plants.
The nitrogen supplied by potassium nitrate might have also contributed to higher
RGR and NAR. Nitrogen, in general, due to its role in production and translocation of
cytokinin from the root to the shoots might have increased cell division rate and
growth rate of rice. Similar results have been reported by Dasilva and Stutte (1981),
Marschner (1995) and Timothy and Joe (2003). NAR represents plant photosynthetic
efficiency. Higher net assimilation rate might be due to more dry matter production
supported by FLN with potassium nitrate. The decrease in NAR at the later stages of
growth could be attributed to an increase in the number of older leaves which lost

photosynthetic activity (Pandey et al., 1978).

Chlorophyll content is of particular significance as an indicator of
photosynthetic activity. The chlorophyll and carotenoid contents of leaf blade was
significantly affected by the different nutrient sources at flowering stage (Fig 5). The
highest chlorophyll content was recorded with FLN of 19:19:19 complex @ 0.5 per
cent and highest carotenoid was with potassium nitrate @ 0.5 per cent. The
chlorophyll and carotenoid contents in the flag leaf sheath were maximum for Ss (a
combination of calcium nitrate, magnesium sulphate and 19:19:19 complex). The
foliar nutrition might have resulted in better photosynthetic rate resulting in more
pigment formation with increased leaf area. Nitrogen concentration in green
vegetation is related to chlorophyll content, and therefore indirectly to one of the
basic plant physiological processes: photosynthesis (Sabo et al., 2002; Bojovic and
Stojanovic, 2005). Studies in rice (Tang, 2000) and wheat (Yang et al., 2002) showed
that nitrogen fertilizer application increased the chlorophyll content of leaves,
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photosynthetic rate of rice flag leaf, electron transport capacity of PS I and PS Il and
extended the duration of photosynthetic duration in leaves. The effect of the
combination treatment on the carotenoid content could be attributed to the effect of
magnesium in enhancing the carotenoid content as reported by Liu et al. (2006) and
Ding et al. (2008).

Soluble substances like soluble proteins reflect the ability of plants in making
osmotic adjustments. Magnesium sulphate @ 0.5 per cent (S3) recorded maximum
total soluble protein content in flag leaf at booting (1.04 mg g*) and calcium nitrate
@ 0.5 per cent (S,) at flowering stage (1.97 mg g™). The increase in flag leaf soluble
protein content might be due to better absorption of nutrients especially nitrogen,
when applied as foliar nutrition. According to Minjun et al. (2002), the level of
soluble protein is regarded as an important indicator of the degree of leaf senescence.
The present study also revealed the role of soluble protein in delaying senescence of
the flag leaf as evidenced by the higher leaf area duration recorded at harvest. The
finding corroborate with those of Yan and Shi (2013).

Nutrient use efficiency assessed in terms of nitrogen use efficiency,
agronomic efficiency and apparent recovery efficiency were significantly higher with
potassium nitrate @ 0.5 per cent (S;) followed by 19:19:19 complex @ 0.5 per cent
(S4). The effect of potassium nitrate in improving the nutrient use efficiency can be
attributed to the role of potassium in increasing nutrient uptake and utilization as
suggested by IPI (2014). The N: K balance and better absorption of the foliar applied
nutrients at the critical growth stages, might have led to better nutrient use
efficiencies thereby promoting better growth, partitioning of photosynthates and yield
in rice . Among several strategies to improve NUE, balanced nutrition, particularly
balancing N and K nutrition and tapping the synergistic effect between N and K, is
important both in irrigated as well as rainfed production systems (Ganeshamurthy and
Srinivasarao, 2001). Higher yields and crop quality can be obtained at optimal N:K

nutritional ratios. Potassium is an essential macronutrient required for proper
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development of plants. In addition to activation of numerous enzymes, K plays an
important role in the maintenance of electrical potential gradients across cell
membranes and in the generation of turgor. It is also essential for photosynthesis,
protein synthesis and regulation of stomatal movement, and is the major cation in the

maintenance of cation-anion balances (Marschner, 1995).
5.3 YIELD ATTRIBUTES AND YIELD

Yield is a function of the yield attributes viz., productive tiller count, filled
grains per panicle, sterility percentage and thousand grain weight. In the present
study all the yield attributes were observed to respond significantly to flag leaf

nutrition.

All the yield attributes viz. productive tiller count (490.19), grain weight
panicle™ (2.18 g), number of spikelets panicle™ (89.11), filled grains panicle™ and
thousand grain weight (28.55 g) were significantly superior when KAU POP was
supplemented with flag leaf nutrition of potassium nitrate @ 0.5 per cent (S;). The
control (KAU POP) recorded 417.24 productive tillers m?, 86.33 filled grains per
panicle, 82.57 spikelets panicle™, 1.43 g grain weight panicle™ and a thousand grain
weight of 21.51 g (Fig 6). Further, sterility percentage was the lowest (11.94 per cent)
with potassium nitrate @ 0.5 per cent, as compared to KAU POP (16.05 per cent)
(Fig 7). The effect of potassium nitrate @ 0.5 per cent was at par with S, (19: 19: 19
complex) with respect to sterility percentage and thousand grain weight.

The effect of FLN with potassium nitrate can be viewed from two angles — the
first being the effect of foliar nutrition and the second, with respect to the effect of
potassium nitrate. Foliar fertilization provides more rapid utilization of nutrients and
it can also compliment soil fertilization. Since root activity decreases towards the
later stages of the reproductive phase, nutrient uptake may become insufficient to
meet the demands for grain filling (Nelson et al., 2005). Fageria et al. (2009) reported

that while crops respond to soil applied fertilizers in 5 to 6 days, the response is faster
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(48 hours) in foliar application. Ali et al. (2007) suggested that major fraction of
potash fertilizer directly applied to the soil may get fixed with the clay fraction and
become unavailable to the crop. Potassium nutrition of plants through foliar

application is well recognized and practiced in advanced countries.

Flag leaf nutrition with potassium nitrate @ 0.5 per cent recorded
significantly higher grain vyield (5.95 t ha™) followed by 19: 19: 19 complex (5.01 t
ha™). The control (KAU POP) recorded a grain yield of 4.41 t ha™*. Straw yield was
also significantly higher with potassium nitrate. Grain yield recorded with flag leaf
nutrition at (G,) booting + flowering stages (4.52 t ha™) and that (4.68 t ha™) at

booting + flowering + milk stages (Gz) were at par (Fig 8).

The increase in yield with foliar KNO3 spray could be credited to the increase
in number of productive tillers m™, panicle length, grain weight panicle® and
thousand grain weight. Studies have showed that the panicle number per square metre
is the most important factor in increasing the grain yield of rice and 89 per cent of
yield changes is due to the effect of this factor (Miller et al., 1991). Potassium nitrate
has the ability to supply both potassium and nitrogen. The effect of potassium can be
explained as the role of potassium in helping photosynthesis, carbohydrate
distribution and starch synthesis in the storage organs as described by Imas and
Magen (2007). Son et al. (2012) also stated that foliar application of potassium nitrate
at panicle initiation and flowering stages, improved grain filling and consequently the
grain yield of rice. The results of Zhang et al. (2011) also revealed that nitrogen
before anthesis followed by nitrogen fertilization at anthesis is necessary to increase
post- anthesis dry matter accumulation, grain protein content and finally rice grain
yield. These results suggested that nitrogen supply at late growth stages helped in
attaining superior spikelets through better grain filling in rice, as observed in the
present study. When compared to control (KAU POP), FLN with potassium nitrate
recorded 35 per cent higher grain yield. The increase in grain yield over control could

be attributed to the positive influence of foliar nutrition at the critical crop growth
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stages of rice, viz., booting and flowering stages, in enhancing the yield contributing

characters.

The increase in straw yield could be attributed to the fact that potassium plays
a vital role in photosynthesis by directly increasing growth and leaf area index and
hence the carbon dioxide assimilation enhance outward translocation of more ATP
essential for vigorous growth of plants. The LAI and latent tiller production (Fig. 4)
recorded with FLN of potassium nitrate @ 0.5 per cent might have contributed to

higher straw yield.

Grain to straw ratio (0.80) and harvest index (0.44) were superior with 19: 19:
19 complex @ 0.5 per cent. Proper and balanced application of nutrients is one of the
most important factors determining crop yield (Ali et al., 2007). The effect of
19:19:19 complex in registering a better harvest index and grain to straw ratio could
be attributed to the fact that it contains all the three major nutrients, in addition to
being 100 per cent water soluble. The presence of phosphorus in 19:19:19 complex
might have also resulted in a better partitioning of photosynthates to economical parts
(grain). Sufficient phosphorus at critical growth stages has been reported to be
essential for accumulation of photosynthates. FLN with 19:19:19 complex resulted in
44 per cent of dry matter in the grains (Fig 9). The control (KAU POP) showed a
better performance in terms of dry matter partitioning with 49 per cent of the total dry
matter produced stored in the grain. In cereals like rice and wheat balanced nutrition
is essential for maintaining the current photosynthetic activity of the plant since it is
the major contributor for grain yield. Even within a crop source-sink balance varies
based on nutrient availability (Venkateswarlu and Visperas, 1987). The balanced
availability of the major nutrients might have favoured a better partitioning of dry

matter towards the sink (grain) rather than the straw.
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5.4 PLANT ANALYSIS

5.4.1 Index Leaf Analysis

The index leaf (flag leaf) varied significantly in its major nutrient (N,P,K)
content under the influence of the different nutrient sources tested. Flag leaf nutrition
with a combination treatment of calcium nitrate, magnesium sulphate and 19:19:19
complex (Ss) recorded the highest N content (1.85 per cent) and P content (0.73 per
cent) and potassium nitrate @ 0.5 per cent recorded the highest K content (1.56 per
cent) in the flag leaf. The increase in nutrient content in the flag leaf could be
attributed to the effect of foliar nutrition, since foliar fertilization has been suggested
to be an efficient way to supplement nutrients in readily available form, for effective
fertilization (Girma et al., 2007). Further, in rice, Sperotto et al. (2013) have reported
that flag leaves are a major source of remobilized minerals for the seeds. The
combination treatment contained all the three major nutrients in a 100 per cent
soluble form. Hence these nutrients might have been absorbed actively by the flag
leaf resulting in higher contents. The higher K content observed with potassium
nitrate can also be attributed to the effect of foliar application of potassium nitrate.
Similar results have been reported by Ali et al. (2007) who observed an increase in
potassium concentration with foliar nutrition of different potassium sources. The
effect of FLN in increasing the nutrient concentration is also elucidated by the lower
concentration of N (1.59 per cent), P (0.59 per cent) and K (1.25 per cent) content of
the flag leaf in the control (KAU POP), in which no supplementary nutrient

application was done.

Calcium content of the index leaf did not vary significantly with the
treatments or their interactions. Both nutrient sources and crop growth stages had
significant effect on the magnesium and sulphur contents of the flag leaf. Among the
nutrient sources, FLN with magnesium sulphate @ 0.5 per cent recorded the highest
magnesium (0.273 per cent) and sulphur (0.084 per cent) contents in the flag leaf.
This might be due to the absorption of magnesium and sulphur from the magnesium
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sulphate used for foliar nutrition. Similar effect of foliar nutrition with magnesium
sulphate in increasing the magnesium content of plant tissue was reported by El-
Zanaty et al. (2012). While the magnesium content of the flag leaf (0.233 per cent)
was the highest with FLN at booting + flowering stages (G;), the sulphur content
(0.077 per cent) was the highest at G (booting + flowering + milk stages). Sulphur
has been reported to be a phloem mobile nutrient which when applied at critical
growth stages can result in systemic effects with long term action (Fernandez et al.,
2013). As in the case of major nutrients the content of secondary nutrients was also
higher when the KAU POP (control) was supplemented with FLN. The interaction
effect was significant only with respect to sulphur content, with FLN nutrition of
magnesium sulphate at booting + flowering + milk stages recording the maximum

value (0.094 per cent).
5.4.2 Nutrient Uptake
5.4.2.1 Uptake of Major Nutrients

The uptake of major nutrients was observed to vary significantly among the
different nutrient sources. The uptake of all the three major nutrients viz., N, P and K
was significantly superior when KAU POP was supplemented with FLN of potassium
nitrate @ 0.5 per cent. Both the grain yield (5.95 t ha™*) and straw yield (9.29 t ha™)
were maximum with potassium nitrate, accounting for a total biological yield of
15.24 t ha™ on dry weight basis. The higher total dry matter production recorded with
FLN of potassium nitrate might have contributed towards the higher NPK uptake.
The effect of growth stages and S x G were significant only for potassium uptake.
FLN at booting +flowering + milk stages (G3) and booting + flowering stages (G)
remained at par with respect to potassium uptake. This could be attributed to a higher
uptake on account of higher dry matter recorded by supplementing KAU POP with
flag leaf nutrition at these two growth stages. Nutrient uptake is partly a function of

dry matter production and concentration of nutrients in the plant. This is in
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accordance with the findings of Fageria and Baligar (2005) who have stated that
nutrient accumulation pattern in plants followed dry matter accumulation. Among the
interactions s;0; (FLN with potassium nitrate at booting stage) recorded the highest K
uptake which could be attributed to high grain and straw yields. Similar were the
effects of s;9, and s;gs. The high K uptake in the treatment combination s;gs
(19:19:19 complex at booting + flowering + milk stages) might have been due to
higher grain yield clubbed together with a better uptake of K with 19:19:19 complex
containing all the three major nutrients. Similar results have been reported by Rani et
al. (2014). The treatments when compared against the control (KAU POP), exhibited
significantly higher P uptake with FLN.

5.4.2.2 Uptake of Secondary Nutrients

Effect of nutrient sources was significant with respect to calcium uptake and
sulphur uptake. While FLN with calcium nitrate @ 0.5 per cent recorded significantly
higher calcium uptake (12.21 kg ha™), magnesium sulphate @ 0.5 per cent recorded
the maximum sulphur uptake (10.59 kg ha™). This might be due to the fact that
calcium and sulphur are phloem mobile nutrients which when applied at critical
growth stages can result in systemic effects with long term action as reported by
Fernandez et al. (2013). Sulphur uptake was significantly higher when FLN was
given at booting + flowering + milk stages. The S x G interaction was significant for
sulphur uptake with FLN of magnesium sulphate @ 0.5 per cent at booting +
flowering stages (Ssgz) recording the highest value (11.20 kg ha™). Significant
increase in sulphur uptake with sulphur levels could be attributed to increase
availability of sulphur with concomitant increase in grain yield. Similar observations
have been made by Islam et al. (1997) and Vaiyapuri and Sriramachandrashekharan
(2001). The increased response to foliar applied sulphur could also be attributed to
reduced availability of S from soil due to poor drainage situation and consequent
reduction of sulphur to sulphide form. Similar results have been reported by Rahman
et al. (2007).
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5.4.3 Crude Protein Content of Grain

Flag leaf nutrition with potassium nitrate @ 0.5 per cent (S;) recorded the
highest crude protein content (8.26 per cent). The interaction effect between nutrient
sources and crop growth stages was significant with respect to the crude protein
content of the grain. The crude protein content of the grain was significantly higher
(8.34 per cent) when KAU POP was supplemented with flag leaf nutrition of 0.5 per
cent potassium nitrate at booting + flowering stages (s192). The higher nitrogen
uptake recorded by these treatments have contributed to the higher protein content as
explained by Tisdale et al. (1995). Nishizawa et al. (1997) have reported that
spraying nitrogen sources like urea on the rice leaves at the heading stage increased
the grain protein content of rice. Perez et al. (1996) observed late nitrogen application
at flowering as a management option for increasing the grain protein content of rice.

Similar results have been reported by Juliano and Duff (1991).

5.5 SOIL ANALYSIS AFTER THE EXPERIMENT

The soil organic carbon was not observed to vary significantly with nutrient

sources, crop growth stages and their interactions.

The available N, P and K status of the soil was found to be significantly
higher in treatments where the KAU POP was supplemented with FLN of potassium
nitrate @ 0.5 per cent. Potassium nitrate might have satisfied the requirements of N
and K of the plant at the later stages due to better absorption and utilization of the
foliage applied nutrients. The positive N-K interaction might have also improved the
phosphorus use efficiency. In general the available P content of the soil was observed
to increase after the experiment. This might be due to dissolution of fixed P under the
influence of near neutral pH caused by submergence of soil due to rains towards the
harvest of the crop. The available N status of the soil was also observed to be

significantly higher with FLN at booting + flowering stages and remained at par with
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FLN at booting + flowering + milk stages. Supplementing KAU POP with FLN at the
critical growth stages was observed to improve the nitrogen use efficiency, which is a
measure of the quantity of yield produced per unit quantity of nitrogen applied. Thus
the crop might have placed a less demand on the soil by satisfying its requirement of
nitrogen from the foliar applied sources. This is also highlighted by the significantly
higher N and K status of the soil observed with KAU POP supplemented with FLN
compared to the control (KAU POP).

While the available Ca status of the soil was higher with supplementing KAU
POP with FLN of calcium nitrate @ 0.5 per cent, the same was noted with FLN of
magnesium sulphate @ 0.5 per cent in the case of available Mg and S status of the
soil. This could also be attributed to the fact that the active absorption of the foliar
applied nutrients might have reduced the demand on the available nutrients in the

soil.
5.6 ECONOMIC ANALYSIS

The economic returns measure the profitability of a practice. Cost of
cultivation was the highest (¥ 66475 ha™') when KAU POP was supplemented with
FLN of a combination of calcium nitrate, magnesium sulphate and 19:19:19 complex
(Ss), followed by FLN with 19:19:19 complex @ 05 per cent
& 65175 ha™). This resulted in low net income in Ss & 20372 ha™). The data on
economics of FLN revealed that gross income, net income and benefit cost ratio were
appreciably influenced by the flag leaf nutrition (Fig 10). Gross income (¥ 1,35,127
ha™), net income (% 70,102 ha™) and benefit cost ratio (2.07) were significantly higher
in FLN with potassium nitrate @ 0.5 per cent, compared to KAU POP which
recorded a BCR of 1.65. This could be attributed to the higher grain yield and straw
yield recorded by FLN with potassium nitrate @ 0.5 per cent. The net income and
gross income of control (KAU POP) and that of KAU POP supplemented with FLN
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of 19:19:19 (S4) complex were almost equal. Both these treatments recorded the same
BCR (1.65).

Return per rupee invested on nutrients (including organic manures, chemical
fertilizers and nutrient sources for FLN) was highest (¥ 3.30) when KAU POP was
supplemented with FLN by potassium nitrate, followed by 19:19:19 complex
(¥ 2.40). The control (KAU POP) gave T 2.34 in return for every rupee invested on

nutrient sources (Fig 11).

The study revealed that supplementing the nutrient recommendation as per the
KAU POP with flag leaf nutrition of potassium nitrate @ 0.5 per cent, twice, at 5
days prior to booting and 5 days prior to 50 per cent flowering stages respectively,
resulted in significantly higher grain yield, nutrient uptake, nutrient use efficiency,

net income and benefit cost ratio in lowland rice, variety Aiswarya.

101



Summary



6. SUMMARY

The experiment entitled “Flag leaf nutrition for enhancing resource use
efficiency in rice (Oryza sativa L.)” was undertaken at the Instructional Farm,
College of Agriculture, Vellayani, Thiruvananthapuram, during June to October,
2014. The main objectives of the study were to assess the effect of flag leaf foliar
nutrition on partitioning of photosynthates, growth and productivity of rice and to

work out the economics of the practice in lowland rice ecosystem.

The field experiment comprised [(5x3)+1] treatment combinations, laid out in
randomised block design with three replications, using PTB 52 (Aiswarya) as the test
variety. The treatments were 0.5 per cent each of S; . potassium nitrate, S, : calcium
nitrate, Sz : magnesium sulphate, S; : 19 : 19 : 19 complex and Ss: a combination S,
+ S3 + Sy, sprayed at three crop growth stages viz., G; : Booting stage, G, : Booting +
Flowering stages and G3 : Booting + Flowering + Milk stages, as compared against
control (KAU POP for medium duration rice). The flag leaf nutrition treatments (S101

to ssgs) were given, over and above the KAU POP.

The results revealed that the effect of nutrient sources used for flag leaf
nutrition (FLN) was more significant, as compared to the effect of growth stages
chosen for flag leaf nutrition and the interaction between nutrient sources and growth

stages.

FLN with 19: 19: 19 complex @ 0.5 per cent recorded significantly taller
plants at booting stage (85.47 cm) where as foliar nutrition of potassium nitrate @ 0.5
per cent (S;) produced taller plants at harvest stage (113.73 cm). Flag leaf nutrition at
booting + flowering + milk stages (G3) recorded maximum plant height (106.15 cm).
The interaction effect of nutrient sources and crop growth stages also exerted
significance with the treatment s;g, recording tallest plants (115.84 cm). The nutrient

sources, crop growth stages and their interaction failed to exhibit any significant
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effect on the number of tillers per hill and the leaf area index. However, numerically
FLN with potassium nitrate @ 0.5 per cent was observed to record higher tiller count
and leaf area index at the harvest stage. Flag leaf area was significantly higher at
booting (4.98 cm?) and flowering stages (8.11 cm?) with potassium nitrate @ 0.5 per
cent (S;) which was at par with 19: 19: 19 complex @ 0.5 per cent. Significant
difference was observed in the flag leaf area between the treatments and the control at
flowering stage. The treatment effect was significantly superior (7.52 cm?) to control
(6.38 cm?) at this stage. The number of days taken for panicle exsertion was not
affected by the treatments and their interactions. This finding is against the general
belief that disturbing the paddy crop after panicle initiation might delay the panicle
exsertion or result in partial exsertion of panicles. However flag leaf nutrition with
potassium nitrate resulted in earlier panicle exsertion (60.22 days). Crop fed with
magnesium sulphate @ 0.5 per cent took longer to reach 50 per cent flowering stage
(81.22 days). But this was not reflected in the yield. The latent tiller count was
significantly higher (2.78) under foliar feeding with potassium nitrate @ 0.5 per cent.

Among the physiological studies leaf area duration was observed to be longest
(41.88 days) with FLN of calcium nitrate @ 0.5 per cent and was at par with all
nutrient sources except potassium nitrate. The nutrient sources used for flag leaf
nutrition had significant effect on the specific leaf weight at flowering and harvest
stages. Spraying a combination of calcium nitrate, magnesium sulphate and 19:19:19
complex @ 0.5 per cent (Ss) recorded the highest specific leaf weight at flowering
(2.11 g m?) and foliar spraying of 19:19:19 complex @ 0.5 per cent (2.58 g m™)
recorded the highest value at harvest stage. Flag leaf nutrition with potassium nitrate
at booting stage (s191) was significantly superior in terms of specific leaf weight
(2.57 g m™). The relative growth rate recorded at booting (0.174 mg g™ day™),
flowering (0.057 mg g day™) and harvest stages (0.028 mg g™ day™) was also
superior with potassium nitrate @ 0.5 %. Net assimilation rate (NAR) recorded at

booting stage was significantly higher for potassium nitrate (3.76 mg cm™ day™). But
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at flowering stage, 19:19:19 complex had the same effect with a NAR of
2.58 mg cm™ day™. The chlorophyll and carotenoid contents of the flag leaf sheath
were significantly higher with a combination of calcium nitrate, magnesium sulphate
and 19:19:19 complex at flowering. The chlorophyll and carotenoid contents of flag
leaf blade was significantly affected by the nutrient sources. Highest chlorophyll was
with 19:19:19 complex and carotenoid with potassium nitrate @ 0.5 per cent.
Magnesium sulphate @ 0.5 per cent concentration (S3) recorded the maximum total
soluble protein (1.04 mg g™*) at booting stage and was at par with S, (calcium nitrate)
and S; (19:19:19 complex). At flowering stage the foliar spraying of calcium nitrate
recorded the highest total soluble protein (1.97 mg g™) and was at par with Ss
(combination of calcium nitrate, magnesium sulphate and 19:19:19 complex ), S
(magnesium sulphate) and S4 (19:19:19 complex). Nutrient use efficiency assessed in
terms of nitrogen use efficiency, agronomic efficiency, apparent recovery efficiency
were significantly higher with potassium nitrate @ 0.5 per cent (S;) followed by
19:19:19 complex @ 0.5 per cent (S,).

All the vyield attributes viz., productive tiller count (490.19), grain weight
panicle™ (2.18 g), number of spikelets panicle™ (89.11), filled grains panicle™ and
thousand grain weight (28.55 g) were significantly superior with flag leaf nutrition of
S: (potassium nitrate @ 0.5 per cent) as compared to KAU POP which recorded
417.24 productive tillers m?, 82.57 spikelets panicle™, 1.43 g grain weight panicle™
and a thousand grain weight of 21.51 g. Further, sterility percentage was the lowest
(11.94 per cent) with potassium nitrate @ 0.5 per cent, as compared to KAU POP
(16.05 per cent). The effect of potassium nitrate @ 0.5 per cent was at par with that of
Ss4 (19: 19: 19 complex) with respect to sterility percentage and thousand grain

weight.

Flag leaf nutrition with potassium nitrate @ 0.5 per cent recorded
significantly higher grain yield (5.95 t ha™) followed by 19: 19: 19 complex (5.01 t
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ha). Grain yield recorded with flag leaf nutrition at booting + flowering stages (G,)
(4.52 t ha™) and (Gs) booting + flowering + milk stages (4.68 t ha™') were at par. The
control (KAU POP) recorded a grain yield of 4.41 t ha™. Straw yield was also
significantly higher with potassium nitrate. Grain to straw ratio (0.80) and harvest
index (0.44) were superior with 19: 19: 19 complex @ 0.5 per cent.

Index leaf (flag leaf) analysis revealed that FLN with a combination treatment
of calcium nitrate, magnesium sulphate and 19:19:19 complex (Ss) recorded the
highest N content (1.85 per cent). It was on a par with (S;) potassium nitrate @ 0.5
per cent. Flag leaf nutrition with a combination treatment of calcium nitrate,
magnesium sulphate and 19:19:19 complex (Ss) recorded the highest P content (0.73
per cent). Flag leaf nutrition with (S;) potassium nitrate @ 0.5 per cent recorded
significantly higher K content (1.56 per cent). The treatment magnesium sulphate (Ss)
recorded the highest magnesium content (0.27 per cent) and also highest sulphur
content (0.084 per cent). Flag leaf nutrition with potassium nitrate @ 0.5 per cent (S;)
recorded significantly higher NPK uptake. Flag leaf nutrition of (S;) potassium nitrate
@ 0.5 per cent recorded the maximum crude protein content (8.26 per cent), which
remained at par (7.73 per cent) with 19:19:19 complex (S4). Available NPK status
after the experiment was significantly higher in FLN with potassium nitrate @ 0.5 per
cent.

Gross income (% 1,35,127 ha™), net income (¥ 70,102 ha™) and benefit cost
ratio (2.07) were significantly higher in flag leaf nutrition with potassium nitrate @
0.5 % , compared to KAU POP with a BCR of 1.65.

The study revealed that KAU POP recommendation for high yielding medium
duration wetland rice (FYM @ 5 t ha™ + 90:45:45 kg NPK ha™) supplemented with
flag leaf nutrition of potassium nitrate @ 0.5 per cent concentration, 5 days prior to
booting and 50 per cent flowering stages, resulted in significantly higher grain yield,

nutrient use efficiency and profitability, in the rice variety Aiswarya. However, the
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photosynthate partitioning efficiency, assessed in terms of harvest index and grain to

straw ratio were observed to be superior with 19:19:19 complex @ 0.5 per cent.
FUTURE LINE OF WORK

Exploring the effect of flag leaf nutrition in upland rice using different

varieties of rice.
Exploring the effect of novel customised and fortified nutrient sources for flag

leaf nutrition in rice.
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ABSTRACT

The experiment entitled “Flag leaf nutrition for enhancing resource use
efficiency in rice (Oryza sativa L.)” was undertaken at the Instructional Farm,
College of Agriculture, Vellayani, Thiruvananthapuram, during June to October,
2014. The main objectives of the study were to at assess the effect of flag leaf foliar
nutrition on partitioning of photosynthates, growth and productivity of rice and to

work out the economics of the practice in lowland rice ecosystem.

The field experiment comprised [(5x3)+1] treatment combinations, laid out in
randomised block design with three replications, using PTB 52 (Aiswarya) as the test
variety. The treatments were 0.5 per cent each of S; . potassium nitrate, S, : calcium
nitrate, S; : magnesium sulphate, S, : 19 : 19 : 19 complex and Ss : a combination S,
+ S3 + Sy, sprayed at three crop growth stages viz., G; : Booting stage, G, : Booting +
Flowering stages and G : Booting + Flowering + Milk stages, as compared against a
control (KAU POP for medium duration rice). The flag leaf nutrition treatments (510:

to ssg3) were given, over and above the KAU POP.

The effect of nutrient sources used for flag leaf nutrition (FLN) was more
pronounced than the growth stages chosen for FLN. Flag leaf area was significantly
higher at booting (4.98 cm?) and flowering stages (8.11 cm?) with S; (potassium
nitrate @ 0.5 %), which was at par with S, (19: 19: 19 complex). Foliar spraying of
potassium nitrate @ 0.5 per cent at booting and flowering stages (s102) recorded the
highest flag leaf area (9.08 cm?) at flowering stage and s,gs resulted in the highest
flag leaf area (11.65cm?) at harvest stage. FLN had no significant effect on the
number of days taken for panicle exsertion. Latent tiller production (2.78 hill™) was
significantly higher with potassium nitrate @ 0.5 %. The relative growth rate
recorded at booting (0.174 mg g day™), flowering (0.057 mg g*day™) and harvest
stages (0.028 mg g day™) was also superior with potassium nitrate. Net assimilation

rate (NAR) recorded at booting stage was significantly higher for potassium nitrate



(3.76 mg cm™ day™). But at flowering stage, 19:19:19 complex had the same effect
with a NAR of 2.58 mg cm™ day™. FLN with 19:19:19 complex (S.) registered
significantly higher chlorophyll content (2.58 mg g™) in flag leaf blade at flowering
stage. However, the carotenoid content was significantly superior (1.83 mg g™*) with

potassium nitrate.

All the yield attributes viz. productive tiller count (490.19), grain weight
panicle™ (2.18 g), number of spikelets panicle™ (89.11), filled grains panicle™ and
thousand grain weight (28.55 g) were significantly superior with (potassium nitrate @
0.5 %) as compared to KAU POP which recorded 417.24 productive tillers m?, 82.57
spikelets panicle™, 1.43 g grain weight panicle™ and a thousand grain weight of 21.51
g. Further, sterility percentage was the lowest (11.94 per cent) with S; compared to
KAU POP (16.05 per cent). The effect of potassium nitrate was at par with 19: 19: 19

complex, with respect to sterility percentage and thousand grain weight.

FLN with potassium nitrate @ 0.5 per cent recorded significantly higher grain
yield (5.95 t ha') followed by 19: 19: 19 complex (5.01 t ha™). The treatment
combination, s;0; (potassium nitrate at booting stage) recorded the highest yield of
6.28 t ha™. The KAU POP recorded a grain yield of 4.41 t ha™*. Straw yield was also
significantly higher with potassium nitrate. Grain yield recorded with flag leaf
nutrition at booting + flowering stages (G) (4.52 t ha™) and booting + flowering +
milk stages (Gs) (4.68 t ha™) were at par. Grain to straw ratio (0.80) and harvest index

(0.44) were superior with 19: 19: 19 complex @ 0.5 per cent.

Index leaf (flag leaf) analysis recorded significantly higher N and P contents
with Ss and K content with S;. The treatment s3gs recorded the highest sulphur
content in flag leaf. The treatment combination, s;g, recorded significantly higher
crude protein content (8.34 per cent) in grain. FLN had no effect on the incidence of

pests and diseases.



FLN with potassium nitrate @ 0.5 per cent (S;) recorded significantly higher
N, P and K uptake. The treatment combination, ssg, recorded significantly higher
sulphur uptake. Nutrient use efficiency assessed in terms of nitrogen use efficiency,
agronomic efficiency and apparent recovery efficiency were significantly higher with
S, followed by 19: 19: 19 complex. Gross income (% 1,35,127 ha), net income
70,102 ha™) and benefit cost ratio (2.07) were significantly higher with S;, compared
to KAU POP with a BCR of 1.65.

The study revealed that KAU POP recommendation for high yielding medium
duration wetland rice (FYM @ 5 t ha™* + 90:45:45 kg NPK ha™) supplemented with
FLN of potassium nitrate @ 0.5 per cent concentration, 5 days prior to booting and 50
per cent flowering stages, resulted in significantly higher grain yield, nutrient use
efficiency and profitability, in the rice variety Aiswarya. However, the photosynthate
partitioning efficiency, assessed in terms of harvest index and grain to straw ratio

were observed to be superior with 19:19:19 complex @ 0.5 per cent.
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APPENDIX- 1

Weather data for the cropping period

(June 2014 to October 2014)

Standard Temperature (°C) Brighht Rainfall Relati_ve humidity (%)
week Maximum Minimum S%gsur':e (mm) Maximum | Minimum
25 31.1 25.7 9.3 194 92.3 1.7
26 30.5 25.0 9.5 33.9 92.7 79.1
27 30.4 24.7 9.2 7.6 90.9 79.0
28 29.7 24.2 8.7 24.2 92.9 80.4
29 30.1 24.2 9.3 19.4 90.4 76.7
30 29.9 24.2 9.3 14.6 91.6 73.6
31 29.2 23.5 8.6 94.2 95.3 85.9
32 29.4 23.5 8.7 88.7 88.6 77.3
33 29.7 24.0 8.9 4.0 89.7 79.6
34 29.8 24.0 8.1 219.0 94.0 80.9
35 29.9 23.9 8.7 206.6 87.6 84.1
36 29.2 23.9 8.8 80.0 96.1 79.3
37 30.1 24.5 9.2 94.2 89.3 74.1
38 30.5 24.6 9.7 0.0 85.0 75.6
39 31.1 24.1 7.5 74.4 93.3 84.9
40 30.7 23.9 8.6 9.0 95.4 73.6
41 30.7 24.2 8.9 20.6 90.0 85.7
42 30.3 23.7 7.0 163.0 92.4 82.4




APPENDIX- 11

Average input cost and market price of produce

Sl. No Items Cost
INPUTS
A Seed (Breeder seed) T 45perkg
B Labour
1. Women < 350 per day
2. Men < 588 per day
C Cost of manures, fertilizers and nutrient
sources for FLN
1. Farm yard manure (FYM) ¥ 5 perkg
2. Lime T 15 perkg
3. Urea ¥ 8 perkg
4. Rock phosphate T 10 perkg
5. Muriate of potash (MOP) ¥ 17 per kg
6. Potassium nitrate < 150 per kg
7. Calcium nitrate < 150 per kg
8. Magnesium sulphate ¥ 110 per kg
9. 19:19:19 complex < 180 per kg
OUTPUT
A Market price of grain T 15 per kg
B

Market price of straw I b5perkg






