
 

“EFFECT OF GROWTH REGULATORS ON SEED FILLING IN 

SUNFLOWER DURING KHARIF SEASON” 

 

 

 

 

By 

 

 

 

 

Mr. Kengare Rahul Ankush 

                  (Reg. No. R/016/067) 

 

 

 

 

 

 

 

DEPARTMENT OF AGRICULTURAL BOTANY 

 

POST GRADUATE INSTITUTE 

MAHATMA PHULE KRISHI VIDYAPEETH, 

RAHURI – 413 722, DIST - AHMEDNAGAR, 

MAHARASHTRA STATE (INDIA) 

 

2018 



 

“EFFECT OF GROWTH REGULATORS ON SEED FILLING IN 

SUNFLOWER DURING KHARIF SEASON” 
 

 

by 

 

  

Mr. Kengare Rahul Ankush 

(Reg. No. 016/067) 
 

 

A Thesis submitted to the 

MAHATMA PHULE KRISHI VIDYAPEETH, 

 RAHURI - 413 722, DIST - AHMEDNAGAR, 

MAHARASHTRA, INDIA. 

 

 

In partial fulfilment of the requirements for the degree 

 

of 

 

MASTER OF SCIENCE (AGRICULTURE) 

 

 

in 

 

 

AGRICULTURAL BOTANY (PLANT PHYSIOLOGY) 

 

 

 
 

 

DEPARTMENT OF AGRICULTURAL BOTANY 

 

POST GRADUATE INSTITUTE, 

MAHATMA PHULE KRISHI VIDYAPEETH, 

RAHURI – 413 722, DIST - AHMEDNAGAR, 

MAHARASHTRA, INDIA. 

2018 

 



 

“EFFECT OF GROWTH REGULATORS ON SEED FILLING IN 

SUNFLOWER DURING KHARIF SEASON” 

 

by 

 

Mr. Kengare Rahul Ankush 

   (Reg. No. 016/067) 

 

A Thesis submitted to the 

MAHATMA PHULE KRISHI VIDYAPEETH, 

 RAHURI - 413 722, DIST - AHMEDNAGAR, 

MAHARASHTRA, INDIA. 

 

In partial fulfilment of the requirements for the degree 

 

of 

 

MASTER OF SCIENCE (AGRICULTURE) 

 

in 

 

AGRICULTURAL BOTANY (PLANT PHYSIOLOGY) 

 

 

APPROVED BY 

 

 

Dr. S. K. Ransing 

(Chairman and Research Guide) 

 

 

Dr. V. D. Shende                           Dr. R. S. Wagh 

        (Committee Member)                 (Committee Member) 

 

 

            Dr. L. L. Mane                  Dr. C. A. Nimbalkar 

        (Committee Member)              (Committee Member) 

 

 

DEPARTMENT OF AGRICULTURAL BOTANY 

 

POST GRADUATE INSTITUTE, 

MAHATMA PHULE KRISHI VIDYAPEETH, 

RAHURI – 413 722, DIST - AHMEDNAGAR, 

MAHARASHTRA, INDIA. 

2018 



I 
 

 

 

 

CANDIDATE’S DECLARATION 

 

  

 

 

 

I hereby declare that this thesis or part 

there of has not been submitted 

by me or other person to any 

other University or institute 

for a Degree or 

Diploma. 

 

 

 

 

 

 

 

 

 

  Place: M.P.K.V., Rahuri.                  (Mr. R. A. Kengare) 

  Date:      /      / 2018 

 

 

 

 

 

 

 

 

 

 

 

 



II 
 

 

Dr. S. K. Ransing 

Assistant Seed Research Officer 

(Seed Physiology), 

Seed Technology Research Unit, 

Mahatma Phule Krishi Vidyapeeth, 

Rahuri- 413722, Dist. - Ahmednagar. 

Maharashtra (INDIA) 

 

CERTIFICATE 

 

This is to certify that the thesis entitled, “EFFECT OF GROWTH 

REGULATORS ON SEED FILLING IN SUNFLOWER DURING 

KHARIF SEASON” submitted to the Faculty of Agriculture, Mahatma Phule 

Krishi Vidyapeeth, Rahuri, Dist. Ahmednagar (Maharashtra) in partial 

fulfilment of the requirement for the award of the degree of MASTER OF 

SCIENCE (AGRICULTURE) in AGRICULTURAL BOTANY (PLANT 

PHYSIOLOGY), embodies the result of a piece of bonafide research work 

carried out by Mr. KENGARE RAHUL ANKUSH under my guidance and 

supervision and that no part of the thesis has been submitted for any other 

degree or diploma. 

The assistance and help received during the course of this investigation 

have been duly acknowledged. 

 

 

 

 

Place: M.P.K.V., Rahuri             (Dr. S. K. Ransing) 

Date:       /       / 2018              Research Guide 

 

 

 

 



III 
 

 

Dr. R. W. Bharud  

Head, 

Department of Agricultural Botany, 

Post Graduate Institute, 

Mahatma Phule Krishi Vidyapeeth, 

Rahuri- 413722, Dist. - Ahmednagar. 

Maharashtra (INDIA) 

 

CERTIFICATE 

 

This is to certify that the thesis entitled, “EFFECT OF GROWTH 

REGULATORS ON SEED FILLING IN SUNFLOWER DURING 

KHARIF SEASON” submitted to the Faculty of Agriculture, Mahatma Phule 

Krishi Vidyapeeth, Rahuri, Dist. Ahmednagar (Maharashtra) in partial 

fulfilment of the requirement for the award of the degree of MASTER OF 

SCIENCE (AGRICULTURE) in AGRICULTURAL BOTANY (PLANT 

PHYSIOLOGY), embodies the result of a piece of bonafide research work 

carried out by Mr. KENGARE RAHUL ANKUSH under the guidance and 

supervision of Dr. S. K. RANSING, Assistant Seed Research Officer (Seed 

Physiology), Seed Technology Research Unit, Mahatma Phule Krishi 

Vidyapeeth, Rahuri and that no part of the thesis has been submitted for any 

other degree or diploma. 

 

 

 

 

 

Place: M.P.K.V., Rahuri        (Dr. R. W. Bharud)  

Date:       /       / 2018            

 

 

 

 



IV 
 

 

Dr. P. A. Turbatmath 

Associate Dean, 

Post Graduate Institute, 

Mahatma Phule Krishi Vidyapeeth, 

Rahuri- 413722, Dist. - Ahmednagar. 

Maharashtra (INDIA) 

  

CERTIFICATE 

 

This is to certify that the thesis entitled, “EFFECT OF GROWTH 

REGULATORS ON SEED FILLING IN SUNFLOWER DURING 

KHARIF SEASON” submitted to the Faculty of Agriculture, Mahatma Phule 

Krishi Vidyapeeth, Rahuri, Dist. Ahmednagar (Maharashtra) in partial 

fulfilment of the requirement for the award of the degree of MASTER OF 

SCIENCE (AGRICULTURE) in AGRICULTURAL BOTANY (PLANT 

PHYSIOLOGY), embodies the result of a piece of bonafide research work 

carried out by Mr. KENGARE RAHUL ANKUSH under the guidance and 

supervision of Dr. S. K. RANSING, Assistant Seed Research Officer (Seed 

Physiology), Seed Technology Research Unit, Mahatma Phule Krishi 

Vidyapeeth, Rahuri and that no part of the thesis has been submitted for any 

other degree or diploma. 

 

 

 

 

 

Place: M.P.K.V., Rahuri                (Dr. P. A. Turbatmath) 

Date:       /       / 2018                  

 



V 
 

ACKNOWLEDGEMENT 

In everyone’s life, the day arises when one has to shape ones feelings in 

words. At the outset for me the time has come to gather the words for expressing 

my gratitude towards all those who helped me in building my career. I give all 

the praise and glory to Lord Almighty for his love and grace as no success is 

possible without his blessings. 

I feel a great pleasure in expressing my whole hearted sense of gratitude 

to Chairman of Advisory Committee, Dr. S. K. Ransing, Assistant Seed Research 

Officer, (Seed Physiology), Seed Technology Research Unit, M.P.K.V., Rahuri for 

his Scholastic guidance, constructive criticism, unceasing interest, valuable 

knowledge, technical advice, patient audience, scientific view, amiable dealing, 

providing each and every facility, warmer affection and mental support, without 

whom it was impossible to complete the research project. 

My genuine thanks to Dr. P. A. Turbatmath, Associate Dean, Post 

Graduate Institute, M.P.K.V., Rahuri for his valuable guidance and constant 

encouragement. 

I wish to register my indebtedness to Dr. R. W. Bharud, Head, Department 

of Agril. Botany, M.P.K.V., Rahuri for his valuable suggestions, affectionate co-

operation and guidance during the course of this investigation. 

I am deeply indebted and take genuine pleasure to express my deepest 

feeling of gratitude to Dr. V. D. Shende, Associate Director of Research, M.P.K.V., 

Rahuri, Dr. R. S. Wagh, Professor, Department of Agril. Botany, M.P.K.V., Rahuri, 

Dr. L. L. Mane, Principal Scientist (Pulses), Pulse Improvement Project, M.P.K.V., 

Rahuri and Dr. C. A. Nimbalkar, Associate Professor, Department of Agril. 

Statistics, M.P.K.V., Rahuri being the member of my advisory committee, for their 

worthy suggestions, ever willing help throughout the course of investigation. I 

express my sincere thanks to, Dr. K. N. Patil, University librarian and Shri. 

Ingale for excavating literature from library. My sincere thanks to Dr. A. B. 

Rajguru, Assistant Professor of Plant Physiology, ZARS, Solapur for providing 

sunflower seeds to my research work. 

I also take this opportunity to thank all the staff members of department, 

Professors, SRAs, JRAs and non-teaching staff Kakade mam and Ithape mam 

from Post Graduate Institute, M.P.K.V., Rahuri who have directly or indirectly 

helped me in completing the thesis. 

I find no words to express my sincere thanks to Amol Dada, all seniors, 

my dear friends Vinod, Chetan, Yashwant, Ganesh, Vishal, Bajirao, Prasad, 

Shaheen, Nutan and many others who are in my heart for their excellent 

company, warmer affection and valuable help, lots of moral support, whole 

hearted cooperation. 

The love, affection and patience of my family have been instrumental for 

completion of study. Mere words cannot express my profound indebtedness to 



VI 
 

my beloved father and mother, my lovable sister Rohini, my brother Sushil, my 

sweet niece Madhura and nephew Shivansh for filling my life with laughter and 

happiness beyond measure. It is my esteemed duty to deserve my higher regards 

to them with whose inspiration and support I could venture to become what I am 

today. As a token of emotion and love I dedicate my whole life to them. 

I am deeply obliged to all the authors, past and present whose literature 

has been cited. 

Lastly, I would like to express my sincere thanks to the Mahatma Phule 

Krishi Vidyapeeth, Rahuri, Dist. Ahmednagar for providing me an opportunity to 

undertake my postgraduate studies in this “Institute of Excellence”. 

Finally, I thank to all my well wishers. 

 

Place: M.P.K.V., Rahuri                                             (Rahul A. Kengare) 

Date:      /       /2018 



VII 
 

CONTENTS 

Chapter 

No. 
Title 

Page 

No. 

 CANDIDATES DECLARATION I 

 CERTIFICATE OF RESEARCH GUIDE II 

 CERTIFICATE OF HEAD OF THE DEPARTMENT III 

 CERTIFICATE OF ASSOCIATE DEAN IV 

 ACKNOWLEDGEMENT V 

 CONTENTS VII 

 LIST OF TABLES X 

 LIST OF FIGURES XI 

 LIST OF PLATES XIII 

 LIST OF ABBREVIATIONS AND SYMBOLS XIV 

 ABSTRACT XVI 

1.  INTRODUCTION 1 

2.  REVIEW OF LITERATURE 3 

 2.1 Effect of growth regulators on phenology of sunflower 3 

 2.2 
Effect of growth regulators on seed setting, seed yield and yield 

and yield attributing characters of sunflower 
4 

 2.3 
Effect of hand pollination on the seed setting, seed yield and 

yield attributing characters of sunflower 
8 

3.  MATERIALS AND METHODS 9 

 3.1 Location of the experimental site 9 

 3.2 Experimental details 9 

  3.3.1 Design and layout 9 

  3.3.2 Treatment details 10 

  3.3.3 Plot size 10 

  3.3.4 Spacing 10 

 3.4 Cultivation details 10 

  3.4.1 Preparatory cultivation 10 

  3.4.2 Seeds and sowing 10 

  3.4.3 Fertilizers 10 

  3.4.4 After care 10 

  3.4.5 Plant protection 11 

  3.4.6 Irrigation 11 



VIII 
 

  3.4.7 Harvesting 11 

  3.4.8 Threshing 11 

 3.5 Experimental observations of crop 11 

  3.5.1 Days required for bud initiation 11 

  3.5.2 Days required for 50% flowering 11 

  3.5.3 Days required for maturity 11 

  3.5.4 Head (capitulum) diameter (cm) 12 

  3.5.5 Total number of filled seeds per head 12 

  3.5.6 Total number of unfilled seeds per head 12 

  3.5.7 Total number of seeds per head 12 

  3.5.8 Seed filling percentage 12 

  3.5.9 100 seed weight (g) 12 

  3.5.10 Weight of seeds per head (g) 12 

  3.5.11 Total dry weight of the plant (g) 12 

  3.5.12 Seed yield (Kg/plot) 13 

  3.5.13 Seed yield (Kg/ha) 13 

  3.5.14 Harvest Index (%) 13 

  3.5.15 Oil content (%) 13 

 3.6 Statistical analysis 13 

4.  RESULTS AND DISCUSSION 14 

 4.1 Phenological characters 14 

 4.2 Yield and yield contributing characters 15 

  4.2.1 Head diameter (cm) 15 

  4.2.2 Total number of filled seeds per head 15 

  4.2.3 Total number of unfilled seeds per head 16 

  4.2.4 Total number of seeds per head 16 

  4.2.5 Seed filling percentage 16 

  4.2.6 100 seed weight (g) 20 

  4.2.7 Weight of seeds per head (g) 20 

  4.2.8 Total dry weight of the plant (g) 20 

  4.2.9 Dry weight of plant excluding dry weight of seeds (g) 20 

  4.2.10 Yield (Kg/plot) 23 

  4.2.11 Yield (q/ha) 23 

  4.2.12 Harvest index (%) 24 

  4.2.13 Oil content (%) 24 



IX 
 

5.  SUMMARY AND CONCLUSIONS 28 

6.  LITERATURE CITED 29 

7.  VITAE 33 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



X 
 

LIST OF TABLES 

Table 

No. 
Description  

Page 

No. 

1. 

Days required for bud initiation, 50% flowering and maturity 

in sunflower variety Phule Bhaskar as influenced by different 

treatments 

15 

2. 

Head diameter (cm), filled, unfilled, total number of 

seeds/head and seed filling percentage of sunflower variety 

Phule Bhaskar as influenced by different treatments 

17 

3. 

100 seed weight (g), Weight of Seeds/head (g), Total dry 

weight of the plant (g) and dry weight of plant excluding dry 

weight of seeds (g) of sunflower variety Phule Bhaskar as 

influenced by different treatments 

21 

4. 

Yield (kg/plot), yield (q/ha), harvest index (%) and oil content 

(%) of sunflower variety Phule Bhaskar as influenced by 

different treatments 

24 

 

 

 

 

 

 

 

 

 

 

 



XI 
 

LIST OF FIGURES 

Sr. 

No. 
Description 

Page 

No. 

1. Layout plan of the experiment 9 

2. 
Head diameter (cm) in sunflower variety Phule Bhaskar as 

influenced by different treatments 
17 

3. 
Total number of filled seeds/head in sunflower variety Phule 

Bhaskar as influenced by different treatments 
18 

4. 
Total number of unfilled seeds/head in sunflower variety 

Phule Bhaskar as influenced by different treatments 
18 

5. 
Total number of seeds/head in sunflower variety Phule 

Bhaskar as influenced by different treatments 
19 

6. 
Seed filling percentage (%) of sunflower variety Phule 

Bhaskar as influenced by different treatments 
19 

7. 
100 seed weight (g) of sunflower variety Phule Bhaskar as 

influenced by different treatments  
21 

8. 
Weight of Seeds/head (g) of sunflower variety Phule Bhaskar 

as influenced by different treatments 
22 

9. 
Total dry weight of the plant (g) of sunflower variety Phule 

Bhaskar as influenced by different treatments 
22 

10. 

Dry weight of plant excluding dry weight of seeds of 

sunflower variety Phule Bhaskar as influenced by different 

treatments 

23 

11. 
Yield kg/plot of sunflower variety Phule Bhaskar as 

influenced by different treatments 
25 

12. 
Yield q/ha of sunflower variety Phule Bhaskar as influenced 

by different treatments 
25 



XII 
 

Sr. 

No. 
Description 

Page 

No. 

13. 
Harvest index (%) of sunflower variety Phule Bhaskar as 

influenced by different treatments 
26 

14. 
Oil content (%) of sunflower variety Phule Bhaskar as 

influenced by different treatments 
26 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



XIII 
 

LIST OF PLATES 

Sr. No. Description Page No. 

1.  Field view of the experimental plot 27 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



XIV 
 

LIST OF ABBREVIATIONS AND SYMBOLS 

% Percentage 

@ At the rate of 

°C Degree Celsius 

µM micro molar 

2,4-D 2,4-Dichlorophenoxyacetic acid 

Anon Anonymous 

B Boron 

BA 6-benzyladenine 

BAP 6-Benzylaminopurine 

C.D. Critical difference 

CKs Cytokinins 

Cm Centimeter 

DAS Days after sowing 

dm
2
 Decimetre square 

et al., et alia, and other 

etc. Etcentra (and other) 

Fig. Figure 

G Gram 

g kg
-1

 Gram per kilogram 

GA3 Gibberellic acid 

Ha Hectare 

HI Harvest Index 

IBA Indole-3-butyric acid 

i.e. id est, that is 

Kg Kilogram 

kg/ha or kg ha
-1

 Kilogram per hectare 

L Liter (s) 

Mg Milligram (s) 

mg L
-1 

or mg/l Milligram per litre 

Ml Millilitre 

mM Milli molar 



XV 
 

Mm Millimetre 

M.P.K.V. Mahatma Phule Krishi Vidyapeeth 

MS Murashige and Skoog 

N Nitrogen 

N.S. Non significant 

NAA Naphthalene acetic acid 

P Phosphorous 

PGRs Plant growth regulators 

Plant 
-1

 Per plant 

Ppm Parts per million 

Q Quintals 

q ha
-1

 Quintal per hectare 

RDF Recommended dose of fertilizer 

S.E. Standard error of mean 

TIBA 2,3,5-Tri-iodobenzoic Acid 

 

 

 



XVI 
 

ABSTRACT 

 

“EFFECT OF GROWTH REGULATORS ON SEED FILLING OF 

SUNFLOWER DURING KHARIF SEASON” 
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A candidate for the degree 

of 

MASTER OF SCIENCE (AGRICULTURE) 

in 
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2018 

Research Guide       :      Dr. S. K. Ransing 

Department        :      Agricultural Botany  

Major Field        :      Plant Physiology 
  

A field experiment was conducted during Kharif, 2017 at Post Graduate Institute Farm, 

Mahatma Phule Krishi Vidyapeeth, Rahuri, Dist. Ahmednagar to study the “effect of growth 

regulators on seed filling of sunflower during kharif season”. 

The experiment was laid out in a randomised block design (RBD) with three replications 

and eight treatments involving variety Phule Bhaskar and the plant growth regulators viz., T1 

[Control], T2 [GA3 (250 ppm)], T3 [TIBA (240 ppm)], T4 [NAA (50 ppm)], T5 [Kinetin (200 

ppm)], T6 [BA (250 ppm)], T7 [Boron (0.2%)], T8 [Hand Pollination]. 

The present study was conceptualized and executed to find out an appropriate growth 

regulator for seed filling in sunflower (Helianthus annuus L.). The foliar sprays of PGR’s were 

given two times at the stage of (a) 50% flowering (b) seed formation.  

Among all the treatments, treatment T7 (0.2% boron) flowered earlier (62 days) and took 

minimum number of days (88.67 days) to maturity as compared to other treatments. 

In case of yield and yield contributing characters viz., head diameter, total number of 

seeds/head, total number of filled seeds/head, total number of unfilled seeds/head, seed filling 

percentage, weight of seeds per head, total dry weight of the plant, yield kg/plot, yield q/ha, oil 

content, among all the treatments, treatment T7 (0.2% boron) resulted best performance which 

was significantly superior over control. The treatment T3 (TIBA 240 ppm) recorded highest 100 

seed weight (8.69 g) followed by treatment T7 (0.2% boron) showed best performance. 

Among all the treatments, the treatment T7 (0.2% boron) showed best result and superior 

over all treatments when applied at the stage of initiation of flowering and seed formation. 

 

         Pages 1 to 33… 
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1. INTRODUCTION 

Sunflower (Helianthus annuus L.) is the most important oilseed crops of the world 

because of the adequate concentration of unsaturated fatty acids (900 g kg
-1

) in its oil has gained 

popularity among all the oilseed crops. The excellent quality of sunflower oil is due to its 

richness with high degree polyunsaturated fatty acids, anti-cholesterol properties, short duration, 

wide adaptability to soil and climatic conditions, photo and thermo-insensitiveness, drought 

tolerance and higher oil yield per unit area. In India, it is cultivated over an area of about 2.4 

million hectares with the production of 1.44 million tonnes with productivity of 6.08 q ha
-1

 as 

against 12.71 q ha
-1

 of the world productivity (Rasool et al., 2013). 

Helianthus annuus, the common sunflower, genus Helianthus and family Compositae, is 

a large annual forb which grown as a crop for its edible oil. In India, important sunflower 

growing states are Karnataka, Andhra Pradesh, Maharashtra, Bihar, Orissa, Tamil Nadu etc. 

Sunflower is an important oilseed crop with almost 20-27% protein and 40-47% oil 

content. It is a wealthy source of vitamins A and D. Its oil is called premium oil due to the 

presence of oleic acid (16.2%) and linoleic acid (72.5%) with high percentage (60%) 

polyunsaturated fatty acid. The seed cake of sunflower used for cattle feed which is a good 

source of protein (Tahir et al., 2014). 

The fruit (grain) of the sunflower is formed by the pericarp (hull), which comprises 

between 20 and 25% of the fruit weight, and the kernel or seed (mostly embryo) where the 

largest proportion of lipids and dry matter is stored.  

Seed setting and filling is one of the most important constraints in sunflower production 

and often considered to be a major reason for low productivity. Besides poor agronomic 

management, there are several genetic, physiological and environmental factors causing poor 

seed setting and filling in sunflower. The sporophytic type of self-incompatibility mechanism is 

one of the genetic reasons for poor seed setting in sunflower. The physiological mechanisms that 

regulate seed setting and filling in sunflower are complex (Ram and Davari, 2011). 

Poor seed setting and seed filling are the serious problems in sunflower cultivation. 

These are attributed to many factors. Sunflower, being protandrous and self-incompatible, is 

almost dependent on insects for pollination and wind pollination in it is negligible. However, 

only honey bees are not sufficient to cause maximum seed yield and quality. This has to be 

supplemented with hand pollination and plant growth regulators. 

Plant growth regulators (PGRs) have the capacity to modify every phase of plant growth 

spanning from seed germination to crop maturity. Since most plant growth and seed 

development processes are regulated by natural plant hormones, many of these processes might 

be manipulated either by altering the endogenous hormone level or by changing the capacity of 
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the plant to respond to its natural hormones. It is well known that plant hormones are involved in 

grain filling and seed development (Al- Jobori, 2012). 

In Maharashtra, sunflower crop cultivated mainly in rabi and summer season. There is 

potential for further increasing area under sunflower cultivations. Under normal conditions 

sunflower gives good performance. However, there is problem of poor seed setting and filling. 

There are many reasons such as self-incompatibility, inadequate water supply, insufficient 

nutrient supply and lack of pollination. Applying growth regulators like GA3, TIBA, NAA, 

Kinetin, BA, Boron and hand pollination possibly can overcome the constraints and increase the 

productivity. 

In view of this, the present investigation entitled “Effect of growth regulators on seed 

filling of sunflower during kharif season” is undertaken to know the response of sunflower to 

application of growth regulators viz., GA3, TIBA, NAA, Kinetin, BA, Boron and hand 

pollination in relation to seed filling, growth and yield attributes.  

Keeping these aspects in view, the present investigation was carried out with following 

objectives. 

1. To find out an appropriate growth regulator for seed filling in sunflower (Helianthus 

annuus L.) 
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2. REVIEW OF LITERATURE 

The literature related to present investigation entitled “Effect of growth regulators on 

seed filling of sunflower during kharif season” has been reviewed in this chapter. 

 

2.1 Effect of Growth Regulators on Phenology of Sunflower 

Khanna (1971), Seetharam (1976) and Sindagi (1977) observed from his study that 

the two adjacent plants in sunflower show distinct difference in percent seed set. This may 

be due to genetic factors such as self incompatibility or self sterility or both. 

Leoplopez (1972) observed the non viability of pollen grains when anthesis phase of 

sunflower coincided with hot weather and scorching sun. 

Chidananda (1974) reported that more number of plants per unit area or closer 

spacing reduces seed number, seed size, seed weight and diameter of capitulum. Less 

number of plants per unit area by giving wider row and plant spacing resulted in more 

number of well filled and bolder seeds per capitulum. 

Udaykumar et al., (1976) found that for translocation of photosynthates from source 

to sink, growth hormones are essential as indicated by more translocation of metabolites 

when growth regulators were applied to sunflower. 

The degree of chaffyness or achene sterility in sunflower capitulum, to some extent, 

is controlled by time of sowing and season of growth in different locations. 

Singh (1977) also reported that moisture stress at flowering and seed formation 

stages adversely affected the seed setting. 

Kannababu et al., (1993) observed that an increase in plant population from 55,555 

to 1, 66,666 per hectare decreased the seed size and seed recovery percentage. 

Sinha and Atwal (2000) suggested that there was gradual increase in seed yield from 

December to February registering 25 percent increase in yield over December sown 

hybrids. Influence of abiotic factors especially air temperature, relative humidity, day length 

and sunshine play vital role in stigma receptivity, pollen viability, pollinators‟ behaviour, 

fertilization and seed development behaviour. 

Ram and Davari (2011) reported that self-incompatibility is the inability of fully 

functional pollen grains to fertilize and seed set on self pollination. Self-incompatibility of 

sporophytic nature is reported in sunflower that is major cause for poor seed setting in the 

crop. 

Krudnak et al., (2013) concluded that B application at planting date could increase 

pollen viability and percent seed set of sunflower. However, the application at high rate 

(more than 11.3 kg B ha
-1

) resulted in no further benefit, but tended to decrease B uptake, 

pollen viability and seed set. From the result of the regression analysis, it could be 
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concluded that, in this area, the optimum levels of B application for sunflower variety 

“Pacific 77” is 5.6 to 11.3 kg B ha
-1

, while for variety “S473” is 5.7 to 10.4 kg B ha
-1

. 

Buriro et al., (2015) concluded that the sunflower is sensitive to both excessive and 

deficit water which leads to decrease yield. Sunflower irrigated five (30, 45, 60, 75 and 90 

DAS) and four times (30, 45, 60 and 75 DAS) resulted maximum values for growth and 

yield components and took more days to maturity. However, highest water stress to 

sunflower (two irrigations (30 and 45 DAS)) reduced sunflower days to flowering and 

maturity, plant height, stem girth, head diameter, seeds head
-1

, seed index and seed yield. It 

was therefore, concluded that four irrigations (30, 45, 60 and 75 DAS) was an optimum 

irrigation regime for achieving higher economical sunflower seed yield. 

 

2.2 Effect of Growth Regulators on Seed Setting, Seed Yield and Yield and Yield 

Attributing Characters of Sunflower 

Seetharam (1976) reported that problem of poor seed setting in sunflower is mostly 

confined to tropical and sub-tropical countries and is not that much serious in temperate 

countries. This might be due to differences in temperature and other environmental factors 

and as well as bee number and their activity. 

Udaykumar et al., (1976) reported that there was no later flow of photosynthates in 

sunflower and the leaves on one side of stem are directly connected with a particular part in 

the capitulum. Further, seeds which are in advance stage of development are situated in the 

outer zone of capitulum accumulate more quality of metabolites as compared to the seeds 

situated in inner zone of capitulum. So, improper translocation of metabolites from source 

to sink results in poor seed filling, lower specific seed weight and yield. 

Singh (1977) observed that the wide variability in seed setting and number of filled 

seeds per capitulum among several varieties tested. He also reported that application of 

higher doses of nitrogen and phosphorus markedly reduced the nitrogen as top dress at 

budding and flowering stages and increases number of filled seeds per capitulum. Results 

from the coordination trials on sunflower at Bangalore also revealed that application of 

boron, calcium, magnesium and sulphur plays a vital role in seed setting, yield and yield 

components (Anon, 1976 and Anon, 1978). 

Moisture stress affects photosynthesis and translocation of metabolites from source 

to sink and leads to occurrence of more number of unfilled seeds in sunflower capitulum. 

Anon (1991) reported that varieties differ in their productivity, percent seed setting 

and seed filling. 

Beltrano et al., (1994) observed that foliar spray of gibberellic acid (GA) and 

benzyladenine (BA) for enhancing vascular connections between the outer and inner parts 

of the capitulum and to increase grain yield by reductions in the percentage of empty 
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achenes in the inner portion of the capitulum. They reported that BA 150 mg/l + GA 150 

mg/l applied at 40 days after emergence significantly reduced the percentage of empty 

achenes and increased achene weight. 

Hernández (1996) reported that GA3 treatment did not produce significant changes 

in inflorescence growth except that there was an increase in the rate of floral development. 

The final stage of inflorescence formation (FS 10) was then obtained 9 days earlier than in 

the control. 

Ganapati et al., (1997) reported that when sink number increased, the 

photosynthates distributed equally and as a consequence the seed weight might have been 

decreased. 

Vasudevan et al., (2002) reported that the spraying of TIBA along with NAA had 

highest head diameter (19.2 cm), number of filled seeds (10.6% increase over control), seed 

filling percentage (85.2%), seed yield (29.6 q/ha), test weight (63.3 g) and volume weight 

(4.9 g higher than control). Among genotypes KBSH-1 produced maximum yield and yield 

components. Yield parameters like test weight and seed density were differed significantly 

due to interaction of both growth regulators and genotypes. 

Alkio et al., (2003) reported that both seed set and seed filling in sunflower depend 

on the source–sink ratio. The effect of source–sink ratio on seed set was always strongest in 

the centre, whereas peripheral whorls were not affected. Achene mass was affected in all 

parts of the capitulum. Therefore, it is concluded that source limitation is a major cause for 

empty achenes in sunflower plants grown under non-stress conditions. 

Musalma Bibi et al., (2003) reported that the three concentrations of GA3 i.e. 10, 20 

and 30 mg L
-1

 were sprayed 30 days after germination. Increasing concentrations of GA3 

gradually improved oil and carbohydrate contents. Yield parameters i.e. achene yield, 1000-

achene weight, capitulum diameter and dry biomass also, gradually increased as the 

concentration of GA3 increased. 

Reddy et al., (2003) reported that application of TIBA alone or TIBA with NAA 

increased seed yield by 29 and 34% respectively. 

Reddy et al., (2003) reported that the soil application of boron (2 kg/ha) at ray floret 

stage increased the HI to an extent of 29% and the seed yield by 53%. Boron is known to 

play an important role in translocation of sugars. 

Oyinlola (2007) studied on the three different cultivars of sunflower in response to 

boron fertilizer. Their result showed that the variety recorded the highest plant height at 8 

kg B per ha while Funtua have the highest seed yield at 4 kg B per ha. The highest 

percentage oil content was recorded by Isaanka variety. Toxicity symptoms and reduction 

in yield were observed at the highest level B (12 kg B per ha) in all the varieties. Percentage 
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oil content correlated with capitulum diameter and seed yield. Regression analysis also 

revealed that the optimum B rate for the three cultivars and four years of trial for the 

various parameters determined ranged from 5.60-8.40 kg B per ha. 

Somroo et al., (2007) observed that as the boron levels increased, all the sunflower 

parameters also increased. The taller plants (255.33 cm), more stem girth (10.00 cm), 

expended heads diameter (27.16 cm), more number of seeds per head (1513.33), heavy seed 

weight per head (103.33), high seed index (90.00 g) and maximum seed yield (2355.00 kg 

per ha) were noted with the application of 2.5 kg B per ha followed by 2.0 kg B per ha both 

applied as foliar spray with combination of recommended NP doses. The minimum values 

of all crop parameters were observed in the plots where no fertilizer was applied. They were 

concluded that foliar application of boron at 2.0 to 2.5 kg per ha with recommended NP 

levels increased all the crop parameters including yield, hence these levels should be 

applied for satisfactory sunflower growth and yield. 

Al-Amery et al., (2011) showed that boron and green Leaf area/LAI measured at the 

end of seed filling were linearly related in the spring crop. In the autumn crop, the 

relationship between boron and dry matter yield was linear, and applications above 100 mg 

L
-1

 significantly increased dry matter compared to the control. For the autumn crop, 100, 

200, and 250 mg L
-1

 significantly increased seed number compared to the control, but only 

the 150 mg L
-1

 treatment increased seed weight significantly. Boron tended to decrease the 

empty seed percentage and for the spring crop, this was incremental and linear with 

applications above 150 mg L
-1

 leading to significant reductions in empty seed percentage. 

Seed yield increased linearly in the autumn crop in response to boron, and 200 and 250 mg 

L
-1

 applications gave significant increases in yield compared to the control. 

Ram and Davari (2011) reported that application of TIBA to head has resulted in 

increased filling and test weight by way of increased translocation of photosynthates to 

sink. Hence, use of growth regulator like TIBA would be beneficial. 

Ram and Davari (2011) reported that the Sunflower responds profitably to the use of 

secondary nutrients and micronutrient viz., boron. Boron application at ray floret opening 

stage improved seed set and filling percentage. Hence, application of boron at this stage is 

suggested. 

Al-Jobori (2012) found that GA, Kinetin or mixture of both increased the percentage 

of filled seeds relative to the untreated plants. Higher increments were obtained by applying 

Kinetin or mixture of both GA and Kinetin. It was revealed that the role for GAs lies mainly 

in the seed filling, whereas CKs are most important in seed set and increase sink strength, 

thereby decrease the rates of abortion. 



7 
 

Khan et al., (2015) concluded that the higher head diameter (18.30 cm), number of 

achene per head (1266.44), 1000-achene weight (43.17 g) achene yield (2039.33 kg ha
−1

), 

biological yield (9223.11 kg ha
−1

) and harvest index (22.10%) were registered when boron 

was foliar applied @ 200 mg L
−1

 at ray floret stage. Among sunflower hybrids, Patron 551 

produced significantly higher growth and yield attributes as compared with Patron 851 and 

S-278 hybrids. Their study suggested that the selection of Patron 551 hybrid with practicing 

boron foliar application @ 200 mg L
−1

 at ray floret stage could be helpful in achieving the 

sunflower crop genetic potential. 

Nagarathna et al., (2016) reported that Manipulation of sink capacity by spraying 

240 ppm TIBA with 120 ppm NAA and 0.2% boron improved the rate of translocation 

which in turn increased the productivity by 33% to 36%. Due to more biomass and yield, 

harvest index was also increased by 32%. 

Nagarathna et al., (2016) concluded that the cycocel (3000 ppm) at ray floret stage 

increased the seed yield followed by spraying of 150 ppm BA at ray floret stage. These 

hormones play a major role in increasing translocation of photosynthates from source to 

sink especially during seed filling period. Further, increase in source size by applying 200% 

nitrogen combined with growth regulator mixture by maintaining recommended plant 

density, productivity can be increased up to 10-15%. 

Ozgul Gormus and Celaleddin Barutcular (2016) concluded from his study that all 

levels of boron produced higher head diameters over control only one out of four sites. 

Boron applied at the level of 3 kg ha
−1

 produced the highest 1000 seed weight of 47.5 g 

representing an 18% increase over the control. Boron applied at the level of 1 kg ha
−1

 

produced the highest seed yield, representing a 25% increase over the control only at one 

out of four sites. 

Prathima et al., (2017) investigated the influence of boron application on growth and 

growth attributes of sunflower using randomized complete block design with 3 replications 

and 11 treatments comprising control, seed treatment at 2, 4, 6 g of borax kg
-1

 of seed, soil 

application of borax @ 11 kg ha
-1

, foliar application of borax at ray floret opening stage @ 

0.2%, 0.4% and 0.6 % and dusting of borax at ray floret opening stage at 2 kg ha
-1

, 3 kg ha
-1

 

and 4 kg ha
-1

. Study revealed that both at 30 and 60 DAS significantly higher plant height 

(19.73 cm and 146.4 cm respectively), number of leaves (10.6 and 24.73 respectively), leaf 

area (998.3 cm
2
 plant

-1
 and 4296 cm

2
 plant

-1
 respectively), root dry matter (2.30 g plant

-1
 

and 9.07 g plant
-1

 respectively), shoot mater production (6.97 g plant
-1

 and 8.07 g plant
-1

 

respectively), total dry matter (9.27 g and 87.13 g respectively), higher root to shoot ratio 

(0.43 and 0.13 respectively).  
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Kawade et al., (2018) reported that the maximum leaf area plant
-1

 (76.97 dm
2
), stem 

girth (8.09 cm), head diameter plant
-1 

(18.83 cm), seed yield (1644 kg ha
-1

), oil yield (575 

kg ha
-1

) and protein yield (312 kg ha
-1

) with RDF + Borax @ 5.0 kg ha
-1

. 

 

2.3 Effect of Hand Pollination on the Seed Setting, Seed Yield and Yield Attributing 

Characters of Sunflower 

Radoev (1954) reported that hand pollination of florets which were newly opened, 3 

to 4 days old and two weeks old florets resulted in seed set of 87, 69 and 21 percent, 

respectively. Thus, when hand pollination is done the reflexed stigmatic lobes might pick 

up the pollen but usually remain ineffective because of non receptive stigma. 

Shinde and Dhoble (1979) reported that by hand pollination supplemented with 

insect pollination filled seeds percentage increased from 79 to 84%. 

Subbaiah (1983), Anon (1984) and Gowda (1984) reported that hand pollination, 

during flowering, in the morning hours increased the percent seed set and yield. 

Singh and Yadav (1985) found that hand pollination resulted in higher achene yield 

and percentage achene setting than those obtained with open pollination. Average achene 

yield for overall varieties with hand pollination was 59.3 and 23.9 percent more than open 

pollinated achene yield in rainy and winter seasons, respectively. 

Merwade et al., (1993) reported that supplementary hand pollination has 

significantly recorded higher percentage of filled achenes, achene weight, oil content and 

germination capacity when compared to open pollination. They also reported that both 

Kharif and Rabi seasons exhibited marked and consistent variation in the pattern of achene 

set and filling in a capitulum irrespective of sowing years and pollination methods. 

Merwade et al., (1994) also reported that marked and consistent variations in the 

pattern of achene set and its quality attributes in both Kharif and Rabi seasons for three 

years, irrespective of pollination methods. On an average, it recorded significantly higher 

filled achene percentage, filled achene weight and oil content per capitulum in Rabi season 

than Kharif season. 

Yadava et al., (1994) reported that pollination efficiency in terms of seed set 

percent, number of seeds/head, seed size and 1000 seed weight and seed yield was 

satisfactory and better during spring than autumn planting because of favourable weather 

conditions. He also reported that supplementary hand pollination increased the seed set 

percent in both planting seasons. 

Ram and Davari (2011) reported that by providing supplemental pollination, either 

by hand pollination or through increasing pollinators (bees) activity has increased the seed 

set and filling percent in sunflower. 
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3. MATERIALS AND METHODS 

The experimental material used and the methods followed during the course of present 

investigation are briefly described in this chapter. 

3.1 Location of the Experimental Site 

 The present investigation entitled “Effect of growth regulators on seed filling of 

sunflower during kharif season” was conducted during kharif 2017 at PGI Farm, 

Department of Agricultural Botany, Post Graduate Institute, Mahatma Phule Krishi 

Vidyapeeth, Rahuri. 

 

3.2 Experimental Details 

3.3.1 Design and Layout 

The experiment was laid out in randomized block design and replicated thrice 

with eight treatments and the layout of which is illustrated in Fig. 1. 
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Fig. 1: Layout plan of the experiment 

 

Design         : RBD     Gross Plot size: 3.6 x 3.0 m  Variety: Phule Bhaskar 

Replications: Three     Net Plot size    : 2.4 x 2.4 m          Spacing: 60 x 30 cm 
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3.3.2 Treatment Details 

1) T1 - Control 

2) T2 - GA3 (250 ppm) 

3) T3 - TIBA (240 ppm) 

4) T4 - NAA (50 ppm) 

5) T5 - Kinetin (200 ppm) 

6) T6 - BA (250 ppm) 

7) T7 - Boron (0.2%) 

8) T8 - Hand Pollination 

 

3.3.3 Plot Size 

Gross: 3.6 x 3.0 m 

Net: 2.4 x 2.4 m 

 

3.3.4 Spacing: 60 cm x 30 cm 

 

3.3 Cultivation Details 

3.3.1 Preparatory Cultivation 

The experimental field was prepared with a tractor drawn cultivator followed 

by blade harrow. The soil was smoothened with rotavator to break down the clods 

and to prepare a fine seed bed. The land was made into plots of required size and laid 

as per the plan and levelled within each plot. The plots were laid out as per the layout 

plan. 

 

3.3.2 Seeds and Sowing 

Sunflower seeds of variety Phule Bhaskar were collected from ZARS, 

Solapur and used for sowing. A pre-sowing irrigation was given and sowing was 

taken up at optimum soil moisture content. Two seeds were hand dibbled at each hill 

with a spacing of 60 x 30 cm. 

 

3.3.3 Fertilizers 

Recommended dose of 40:30:30 kg N, P2O5, K2O per ha in the form of Urea, 

DAP and muriate of potash was applied to the soil as basal dose. 

 

3.3.4 After Care 

Gap filling was done within 11 DAS and thinning was carried out after full 

emergence of seedlings and maintained only one healthy seedling at 22 DAS. Two 

hand weeding were done at 20 and 40 days after sowing. 
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3.3.5 Plant Protection 

For pest and disease control two sprays of Quinalphos 25% EC @ 2 ml per 

litre of water was sprayed to control sucking pests and leaf eating caterpillar. 

Bavistin @ 2 g litre
-1

 of water at 40 DAS was done as a prophylactic measure against 

leaf eating caterpillar, green leaf hopper and root rot disease. 

 

3.3.6 Irrigation 

One pre-sowing irrigation and subsequent irrigations were given as and when 

necessary. 

 

3.3.7 Harvesting 

The crop was harvested at physiological maturity based on visual observation. 

The crop was considered mature, when the back of heads turned to lemon yellow. 

The heads of border rows were harvested first and treated as bulk. Later the heads of 

crop from net plot was harvested. 

 

3.3.8 Threshing 

The heads were sun dried, shelled with hand and the seeds were separated. 

Later seeds were sun dried, cleaned and weighed separately for each plot. The Stover 

yield was recorded after sun drying the plant to a constant weight. 

 

3.4 Experimental Observations of Crop 

Three plants were selected randomly from net plot and tagged for recording growth 

and yield attributes throughout crop growth period. 

 

3.4.1 Days Required for Bud Initiation 

The number of days required for the bud initiation in 50% of the plants in 

each plot was recorded. 

 

3.4.2 Days Required for 50% Flowering 

The number of days required for the florets to appear in 50% of the plants 

in each plot was required as days to 50% flowering. 

 

3.4.3 Days Required for Maturity 

The number of days required for maturity was recorded from each plot by 

the indications such as drying of the leaves, yellow colour on the back side of the 

capitulum and hardening of seeds. 
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3.4.4 Head (Capitulum) Diameter (cm) 

Diameter of the heads from the labelled plants were measured, average 

diameter was worked out and expressed in centimetres. 

 

3.4.5 Total Number of Filled Seeds Per Head 

The seeds obtained from each head of ten sampled plants from each 

replication were cleaned separately. The filled seeds were manually separated, 

counted, totalled and average was worked out. 

 

3.4.6 Total Number of Unfilled Seeds Per Head 

The seeds obtained from each head of three sampled plants per plot after 

threshing were cleaned and filled and unfilled seeds were separated. Unfilled seeds 

were counted, totalled and average was calculated. 

 

3.4.7 Total Number of Seeds Per Head 

Total seeds (filled and unfilled) obtained from each head of sampled plants 

from each replication were counted and expressed as total number of seeds per 

head. 

 

3.4.8 Seed Filling Percentage 

The percentage of filled seeds to the total seeds was worked out for each 

treatment using the following formula. 

                  
                                     

                              
     

 

3.4.9 100 Seed Weight (g) 

Hundred seeds were counted manually in all the treatments, replication 

wise. The weight of hundred seeds was recorded in grams. 

 

3.4.10 Weight of Seeds Per Head (g) 

From each head, seeds were separated, cleaned, weighed and expressed as 

seed weight per head in g per head. 

 

3.4.11 Total Dry Weight of the Plant (g) 

Three plants were uprooted from the destructive sampling area at head 

initiation stage and at maturity stage and were sun dried initially and subsequently 

dried in hot air oven at 60°C till constant weight was obtained. Their weights were 

recorded and expressed in g per plant. 
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3.4.12 Seed Yield (Kg/plot) 

Seed obtained from the net plot was thoroughly sun dried, weighed and 

yield was expressed in kg per plot. 

 

3.4.13 Seed Yield (q/ha) 

Seed obtained from the net plot was thoroughly sun dried, weighed and 

yield was expressed in kg per hectare. 

 

3.4.14 Harvest Index (%) 

The relationship of economic yield (seed) to the total biological yield was 

estimated by using the following formula and was expressed in percentage. 

              
              

                
     

 

3.4.15 Oil Content (%) 

Oil content in the seeds of each treatment was estimated by Nuclear 

Magnetic Resonance (NMR) instrument and expressed in percentage. 

 

3.5 Statistical Analysis 

The data were analyzed duly following the analysis of variance technique outlined 

by Panse and sukhatme (1995). The statistical significance was tested with „F‟ test at 5% 

level of probability and wherever the „F‟ value was found significant, critical difference 

(CD) was computed to test the significance. 
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4. RESULTS AND DISCUSSION 

Sunflower holds great promise as an oilseed crop because of its short duration, photo 

insensitivity and wide adaptability to different agro-climatic regions and soil types of 

Maharashtra. Though the crop has several advantages, some of the shortcomings are poor seed 

setting and large percentage of hollow seeds in its capitulum with poor germination. This 

problem demands greater attention due to its adverse effect on seed yield and quality of produce. 

Insufficient supply of macro and micro nutrients seems to be one of the major causes of poor 

seed yield in sunflower. Among the micronutrients, boron appeared to have a special role in 

reproductive phase influencing the seed setting and filling. Considering the beneficial effect of 

boron and other plant growth regulators on seed yield and quality of sunflower besides N, P and 

K, the present investigation entitled “effect of growth regulators on seed filling in sunflower 

during kharif season” was undertaken to determine the appropriate growth regulator and its 

effect on crop growth and yield when applied with recommended fertilizers. The results of the 

investigation are discussed in this chapter with proper reasoning and seeking support from the 

available literature to establish appropriate relationship of cause and effects. 

4.1 Phenological Characters: 

Various phenological characters like days required for bud initiation, days required 

for 50 per cent flowering and days required for maturity were studied (Table 1). 

The results on days required for bud initiation and 50% flowering were found non-

significant. However, days required for maturity was significantly influenced. The 

minimum days required for maturity (88.67) was observed in treatment T7 (0.2% boron) 

and the maximum days required for maturity was (93.33) in treatment T1 (control).  
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Table 1: Days required for bud initiation, 50% flowering and maturity in sunflower 

 variety Phule Bhaskar as influenced by different treatments 

Sr. No. Treatments Bud initiation 50% Flowering Maturity 

T1 Control 39.67 64.33 93.33 

T2 GA3 (250 ppm) 39.00 63.67 92.33 

T3 TIBA (240 ppm) 38.67 63.33 89.33 

T4 NAA (50 ppm) 38.00 64.00 92.00 

T5 Kinetin (200 ppm) 38.33 63.00 90.00 

T6 BA (250 ppm) 38.00 63.33 91.33 

T7 Boron (0.2%) 37.67 62.00 88.67 

T8 Hand Pollination 39.33 62.67 89.00 

 
   SE(+) 0.56 0.67 0.55 

 
   CD @5% NS NS 1.66 

 

4.2 Yield and Yield Contributing Characters: 

4.2.1 Head Diameter (cm) 

Significantly highest head diameter (17.66 cm) was observed in treatment T7 

(0.2% boron). While, the lowest head diameter (15.15 cm) was observed in 

treatment T1 (control) (Table 2). Head diameter is an important yield component of 

sunflower. It is more or less genetically controlled character, but also influenced by 

the plant growth regulators and environment in which the plant is grown. The 

stimulatory effect of boron on sunflower plant may be due to its role in enhancing 

metabolic process and improving development of pollen tube. These results coincide 

with the finding of Reddy et al. (2003), Oyinlola (2007), Tahir et al. (2014), Khan et 

al. (2015) and Kawade et al. (2018).  

 

4.2.2 Total Number of Filled Seeds/Head 

The significantly highest total number of filled seeds/head (1648.67) was 

observed in treatment T7 (0.2% boron) over control (1143.33). 
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4.2.3 Total Number of Unfilled Seeds/Head 

The data with respect to number of unfilled seeds/head is presented in Table 

2. The results indicated that significant difference was observed among the 

treatments. Number of unfilled seeds was significantly lower (184.33) in treatment 

T7 (0.2% boron). However, significantly higher (307) number of unfilled seeds was 

observed in treatment T1 (control). These results are similar to the findings as 

reported by Al-Amery et al. (2011).  

 

4.2.4 Total Number of Seeds /Head 

The data revealed that the highest number of seeds per head (1833.00) was 

observed in treatment T7 (0.2% boron). While, the lowest number of seeds per head 

(1450.33) was recorded in treatment T1 (control). For determining the yield potential 

of the sunflower crop, the number of seeds per head is an important yield 

component. Translocation of assimilates from source to sink, which ultimately 

increased number of seeds per head. These results are according to the findings as 

reported by Somroo et al. (2007), Reddy et al. (2003) and Tahir et al. (2014). The 

same findings were also reported by Khan et al. (2015).  

 

4.2.5 Seed Filling Percentage (%) 

Seed filling percentage is presented in Table 2. The significantly higher seed 

filling percentage (%) was observed in treatment T7 (0.2% boron) (89.95%) which 

was significantly superior over all treatments. These results are in accordance with 

the findings of Krudnak et al. (2013).  
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Table 2: Head diameter, filled, unfilled, total number of seeds/head and seed filling 

percentage of sunflower variety Phule Bhaskar as influenced by different 

treatments 

Sr. 

No. 
Treatments 

Head 

diameter 

(cm) 

Filled  

seeds /head 

Unfilled 

seeds/head 

Total 

number of 

seeds/head 

Seed filling 

percentage 

T1 Control 15.15 1143.33 307.00 1450.33 78.84 

T2 GA
3 

(250 ppm) 16.96 1272.33 294.33 1566.67 81.21 

T3 TIBA (240 ppm) 17.26 1470.33 241.67 1712.00 85.93 

T4 NAA (50 ppm) 16.97 1454.67 285.67 1740.33 83.59 

T5 Kinetin (200 ppm) 17.43 1522.00 231.33 1753.33 86.81 

T6 BA (250 ppm) 16.81 1337.00 239.67 1576.67 84.80 

T7 Boron (0.2%) 17.66 1648.67 184.33 1833.00 89.95 

T8 Hand Pollination 17.51 1541.00 231.67 1772.67 86.93 

 
SE(+) 0.05 9.22 13.24 13.37 0.71 

 
CD @5% 0.16 27.95 40.15 40.54 2.15 

 

 

Fig. 2: Head diameter (cm) in sunflower variety Phule Bhaskar as influenced by 

different treatments 

13.50

14.00

14.50

15.00

15.50

16.00

16.50

17.00

17.50

18.00

T1 T2 T3 T4 T5 T6 T7 T8

H
ea

d
 d

ia
m

et
er

 (
cm

) 

Treatments 

Head diameter 



18 
 

 

Fig. 3: Total number of filled seeds/head in sunflower variety Phule Bhaskar as 

influenced by different treatments 

 

 
 

Fig. 4: Total number of unfilled seeds/head in sunflower variety Phule Bhaskar as 

influenced by different treatments 
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Fig. 5: Total number of seeds/head in sunflower variety Phule Bhaskar as influenced by 

different treatments 

 

 
 

Fig. 6: Seed filling percentage (%) of sunflower variety Phule Bhaskar as influenced by 

different treatments 
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4.2.6 100 Seed Weight (g) 

Significant differences observed in treatments with respect to 100 seed 

weight (Table 3). Significantly highest 100 seed weight (8.69 g) was recorded in 

treatment T3 (TIBA 240 ppm), which was significantly superior over all treatments. 

It was noteworthy to point that application of TIBA to head has resulted in increased 

filling and test weight by way of increased translocation of photosynthates to sink. 

These results are in accordance with the findings of Vasudevan et al., (2002) and 

Ram and Davari (2011).  

 

4.2.7 Weight of Seeds/Head (g) 

Weight of seeds/head was influenced significantly (Table 3). Significantly 

highest seed weight (79.64 g) was recorded in treatment T7 (0.2% boron) which was 

significantly superior over all treatments. These results are in accordance with the 

findings of Somroo et al. (2007) and Al-Amery et al. (2011). 

 

4.2.8 Total Dry Weight of the Plant (g) 

The dry matter production is the result of cumulative and complementary 

effect of plant height, number of leaves, leaf area and root weight. Dry matter 

production differed significantly due to application of boron. The significantly 

highest dry weight of the plant (176 g) was observed in treatment T7 (0.2% boron) 

and the lowest (163.02 g) in treatment T1 (control). The higher dry matter 

production in these treatments might be due to the boron role in increasing 

photosynthetic activity, which resulted in increase in plant height, number of leaves, 

leaf area and root growth. The same findings were also reported by Al-Amery et al. 

(2011), Ozgul Gormus and Celaleddin Barutcular (2016) and Prathima et al. (2017). 

 

4.2.9 Dry Weight of Plant Excluding Dry Weight of Seeds (g) 

Dry weight of plant excluding dry weight of seeds (g) was influenced 

significantly (Table 3). Significantly highest dry weight of plant excluding dry 

weight of seeds (96.36 g) was recorded in treatment T7 (0.2% boron) which was 

significantly superior over all treatments. 
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Table 3: 100 seed weight (g), weight of Seeds/head, total dry weight of the plant (g) and dry 

weight of plant excluding dry weight of seeds (g) of sunflower variety Phule 

Bhaskar as influenced by different treatments  

Sr.  

No. 
Treatments 

100 seed 

weight (g) 

Weight of  

seeds/head (g) 

Total dry 

weight of the 

plant (g) 

Dry weight of 

plant 

excluding 

dry weight of 

seeds (g) 

T1 Control 6.95 68.00 163.02 95.02 

T2 GA3 (250 ppm) 7.73 70.50 164.10 93.60 

T3 TIBA (240 ppm) 8.69 74.96 169.80 94.84 

T4 NAA (50 ppm) 7.74 74.04 168.55 94.51 

T5 Kinetin (200 ppm) 7.96 77.82 173.65 95.83 

T6 BA (250 ppm) 8.39 73.07 167.35 94.28 

T7 Boron (0.2%) 8.40 79.64 176.00 96.36 

T8 Hand Pollination 8.27 76.96 170.42 93.46 

 
SE(+) 0.06 0.87 2.00 0.59 

 
CD @5% 0.19 2.63 6.07 1.80 

 

 

Fig. 7: 100 Seed weight (g) of sunflower variety Phule Bhaskar as influenced by 

different treatments 
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Fig. 8: Weight of seeds/head (g) of sunflower variety Phule Bhaskar as influenced by 

different treatments 

 

 
 

Fig. 9: Total dry weight of the plant (g) of sunflower variety Phule Bhaskar as 

influenced by different treatments 
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Fig. 10: Dry weight of plant excluding dry weight of seeds (g) of sunflower variety 

   Phule Bhaskar as influenced by different treatments 

 

4.2.10 Yield kg/plot 

The data with respect to yield kg/plot is presented in Table 4. The result 

indicated that significant difference was observed among all the treatments over 

control. The treatment T7 (0.2% boron) recorded significantly higher yield (1.37 

kg)/plot over all the treatments. However, significantly lowest seed yield (0.99 

kg)/plot was observed in treatment T1 (control). 

 

4.2.11 Yield q/ha 

 The data with respect to yield q/ha is presented in Table 4. The result 

indicated that significant difference observed among all the treatments for seed 

yield/ha. The treatment T7 (0.2% boron) recorded significantly higher yield (23.84 

q/ha) over all treatments. However, significantly lowest seed yield (17.18 q/ha) was 

observed in treatment T1 (control). Sufficient source, a strong sink and better 

translocation between these two are essential for higher seed setting and yield of 

sunflower. The process of seed setting occurs in a short period after pollination and 

fertilization. These results are in accordance with the findings of Reddy et al. 

(2003), Somroo et al. (2007), Oyinlola (2007), Ram and Davari (2011), Al-Amery et 

al. (2011) and Tahir et al. (2014).  
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4.2.12 Harvest Index (%) 

Significantly highest harvest index was recorded (45.26%) in treatment T7 

(0.2% boron) which was significantly superior over all the treatments (Table 4). 

Harvest index is a measure of determining productivity of a crop. These results are 

in accordance with the findings of Reddy et al. (2003), Tahir et al. (2014) and Khan 

et al. (2015). 

 

4.2.13 Oil Content (%) 

The data revealed that the significantly highest oil content (38.87%) was 

recorded in treatment T7 (0.2% boron) which was significantly superior over all the 

treatments, however the lowest oil content (36.50%) was recorded in treatment T1 

(control). This might be due to after pollination and seed set, the formation of 

protein start and there after oil synthesis start. Whereas, maximum seed oil was 

found when boron was applied at bud initiation. These results are in accordance with 

the findings of Oyinlola (2007), Tahir et al. (2014) and Kawade et al. (2018). 

 

Table 4: Yield kg/plot, yield q/ha, harvest index and oil content of sunflower variety Phule 

Bhaskar as influenced by different treatments  

Sr. 

No. 
Treatments 

Yield  

kg/plot 

Yield  

q/ha 

Harvest 

Index (%) 

Oil content 

(%) 

T1 Control 0.99 17.18 41.73 36.50 

T2 GA3 (250 ppm) 1.11 19.32 42.98 37.42 

T3 TIBA (240 ppm) 1.27 22.10 44.15 38.71 

T4 NAA (50 ppm) 1.21 21.00 43.93 38.10 

T5 Kinetin (200 ppm) 1.33 23.15 44.84 38.60 

T6 BA (250 ppm) 1.18 20.54 43.67 37.80 

T7 Boron (0.2%) 1.37 23.84 45.26 38.87 

T8 Hand Pollination 1.14 19.73 45.16 37.51 

 
SE(+) 0.02 0.33 0.71 0.17 

 
CD @5% 0.06 1.00 2.15 0.51 
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Fig. 11: Yield kg/plot of sunflower variety Phule Bhaskar as influenced by different 

treatments 

 

 

Fig. 12: Yield q/ha of sunflower variety Phule Bhaskar as influenced by different 

treatments 
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Fig. 13: Harvest index (%) of sunflower variety Phule Bhaskar as influenced by 

different treatments 

 

 
 

Fig. 14: Oil content (%) of sunflower variety Phule Bhaskar as influenced by different 

treatments 
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Plate 1: Field view of the experimental plot 
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5. SUMMARY AND CONCLUSIONS 

The present study, “Effect of growth regulators on seed filling of sunflower during kharif 

season”, was conducted during the kharif, 2017 at PGI Farm, Department of Agricultural 

Botany, Post Graduate Institute, Mahatma Phule Krishi Vidyapeeth., Rahuri, Dist. Ahmednagar.  

The experiment was laid out in a Randomised Block Design (RBD) with three 

replications during kharif season of year 2017-2018. The experiment was constituted eight 

treatments viz., T1 [Control], T2 [GA3 (250 ppm)], T3 [TIBA (240 ppm)], T4 [NAA (50 ppm)], T5 

[Kinetin (200 ppm)], T6 [BA (250 ppm)], T7 [Boron (0.2%)], T8 [Hand Pollination] were applied 

on the sunflower variety viz., Phule Bhaskar at the time of 50% flowering and seed formation. 

The sunflower seeds of variety Phule Bhaskar was sown with spacing 60 cm x 30 cm and plot 

size 3.6 m × 3.0 m gross and 2.4 m × 2.4 m net. The sowing was undertaken on 15 July 2017 

and applied recommended dose of fertilizers 40:30:30 NPK Kg/ha, with following objectives: 

i) To find out appropriate growth regulator for seed filling in sunflower (Helianthus annuus L.) 

Growth and yield parameters recorded on sunflower are days required for bud initiation, 

days required for 50% flowering, days required for maturity, head diameter (cm), total number 

of seeds/head, total number of filled seeds/head, total number of unfilled seeds/head, seed filling 

percentage (%), weight of seeds/head (g), 100 seed weight (g), total dry weight of the plant (g), 

yield (kg/plot), yield (kg/ha), harvest index (%) and oil content (%). The important findings 

obtained from the experiment are summarized in this chapter. 

1) Phenological Studies: 

Among all the treatments, treatment T7 (0.2% boron) recorded earlier flowering and 

took minimum days to maturity as compared to other treatments. 

2) Yield and Yield Contributing Characters: 

As regards the yield and yield contributing characters viz., head diameter (cm), total 

number of filled seeds/head, total number of unfilled seeds/head, total number of seeds/head, 

seed filling percentage, weight of seeds/head (g), total dry weight of the plant (g), dry weight 

of plant excluding weight of seeds (g), yield kg/plot, yield q/ha, harvest index (%) and oil 

content (%), among all the treatments, treatment T7 (0.2% boron) resulted best performance 

which was significantly superior over control. 

In case of 100 seed weight, the treatment T3 (TIBA 240 ppm) recorded significantly 

highest seed weight (8.69 g) followed by treatment T7 (0.2% boron) (8.40 g) showed best 

performance.  

 



29 
 

6. LITERATURE CITED 

Al-Amery, M. M., Hamza, J. H. and Fuller M. P. (2011). Effect of boron foliar application on 

reproductive growth of sunflower (Helianthus annuus L.) International Journal of 

Agronomy, 2011, 1-5. 

Al-Jobori K. M. M. (2012). Evaluation of the role of Gibberellin and Cytokinin in Regulation of 

Seed Setting and Seed Filling in Sunflower plant (Helianthus annuus L.). Diyala Journal 

of Pure Sciences, 8 (4): 60-79. 

Alkio, M., Schubert, A., Diepenbrock, W. & Grimm, E. (2003). Effect of source–sink ratio on 

seed set and filling in sunflower (Helianthus annuus L.). Plant, Cell and Environment 

26, 1609-1619.  

Anonymous (1976). Annual Kharif oilseeds workshop. Progress report, 12-15
th

 May, 1977 

Hyderabad. 

Anonymous (1978). Annual Progress report of the All India Coordinated Research project on 

Sunflower, University of Agricultural Sciences, Bangalore pp. 105. 

Anonymous (1984). Performance of sunflower genotypes under varying sowing dates. Annual 

Progress Report on sunflower. All India Coordinated Research Project on Oilseeds. 

Directorate of oilseeds Research, Hyderabad, India. 

Anonymous (1991). Annual Progress report of Sunflower. Directorate of Oil Seeds Research, 

Rajendranagar, Hyderabad. 

Beltrano, J., Caldiz, D. O., Barreyro, R., Vallduvi, G. S. and Bezus, R. (1994). Effects of foliar 

applied gibberellic acid and benzyladenine upon yield components in sunflower 

(Helianthus annuus L.) Plant Growth Regulation, 15 (2): 101-106. 

Buriro, M., Sanjrani, A. S., Chachar, Q. I., Chachar, N. A., Chachar, S. D., Buriro, B., Gandahi, 

A. W. and Mangan, T. (2015). Effect of water stress on growth and yield of sunflower. 

Journal of Agricultural Technology, 11 (7): 1547-1563. 

Chidananda, G. (1974). Agronomic investigation in sunflower (Helianthus annuus L.). M.Sc. 

(Agri.) Thesis submitted to University of Agricultural Sciences, Bangalore. 

Ganapati, K. L., Vyakaranahal, B. S., Patil, S. A., Giri Raj, K., Shashidhara, S. D. and Shekhara 

gouda, M. (1997). Effect of hand pollination on quality seed production of KBSH-1 

sunflower hybrid and its parents. Karnataka Journal of Agricultural Sciences, 11 (1): 

248-250. 



30 
 

Gowda, K. T. (1984). Agronomic investigations on the problem of poor seed set and yield in 

sunflower (Helianthus annuus L.) Ph.D. thesis submitted to UAS, Bangalore. 

Hernández, L. F. (1996). Morphogenesis in sunflower (Helianthus annuus L.) as affected by 

exogenous application of plant growth regulators. AGRISCIENTIA, 8: 3-11. 

Khan, I., Anjum, S. A., Qardri, R. W. K., Ali, M., Chattha, M. U., Asif, M., (2015). Boosting 

achene yield and yield related traits of sunflower hybrids through boron application 

strategies. American Journal of Plant Sciences, 6: 1752-1759. 

Kannababu, N., Vyakarahal, B. S., Shashidhara, S. D. and Giriraj, K. (1993). Effect of plant 

densities on seed quality in parental lines of BSH 1 hybrid and CV Morden of 

Sunflower. Karnataka Journal of Agricultural Sciences, 6 (1): 33-36. 

Kawade, M. B., Jadhav, D. B. and Arshewar, S. P. (2018). Effect of micronutrients on growth, 

yield and quality of sunflower in kharif season. Int. J. Curr. Microbiol. App. Sci. Special 

Issue-6: 2189-2196 

Khanna, K. R. (1971) Factors affecting the production of filled seeds in sunflower. Euphytica, 

21: 384-389. 

Krudnak, A., Wonprasaid, S. and Machikowa, T. (2013). Boron affects pollen viability and seed 

set in sunflowers. African Journal of Agricultural Research, 8 (2): 162-166. 

*Leolopez, M. D. (1972). Effect of date of plantings and the row spacing on sunflower crop in 

Andalucia (Southern Spain), Proceedings of 5th International Conference on Sunflower, 

25
th 

- 29
th

 July, 1972 at Cermot Ferrand, France. 

Merwade, M. N., Sashidhar, S. D., Vyakaranahal, B. S., Channabyregouda, M. V. and Bhat, S. 

(1993). Pattern of achene set and seed quality as influenced by pollination methods and 

planting seasons in sunflower. Karnataka Journal of Agricultural Sciences, 6 (4): 363-

366. 

Merwade, M. N., Shashidhar, S. D., Vyakarnahal, B. S., Channabyre gouda, M. V., 

Suryanarayana Bhat, A. R. (1994). Pattern of Achene set and filling as influenced by 

pollination methods and sowing seasons in sunflower. Karnataka Journal of Agricultural 

Sciences, 7 (1): 89-92. 

Musalma Bibi, Mumtaz Hussain, Muzamil Saleem Qureshi and Shabana Kousar (2003). 

Morpho-chemical and physiological response of sunflower (Helianthus annuus L.) to 

gibberellic acid and nitrogen. Pak. j. life soc. sci., 1 (1): 51-53. 



31 
 

Nagarathna, T. K., Gayithri, M., Shadakshari, Y. G., Murali, K., Puttarangaswamy, K. T. and 

Punith, H. V. (2016). Seed setting and productivity enhancement in sunflower 

(Helianthus annuus L.) by manipulating source and sink ratio using plant growth 

regulators, varying plant densities and nitrogen levels. J. Plant Pathol. Microbiol., 7 (5): 

71. 

Oyinlola, E. Y. (2007). Effects of boron fertilizers on yield and oil content of three sunflower 

cultivars in the Nigerian Savanna. Journal of Agronomy, 6 (3): 421-426. 

Ozgul Gormus and Celaleddin Barutcular (2016). Boron Nutrition Studies with Cotton and 

Sunflower in Southern Turkey. Communications in Soil Science and Plant Analysis, 47 

(7): 915–929. 

Prathima, A. S., Shivaramu, H. S., Geetha, K. N., Shankar, A. G. and Sujith, G. M. (2017). 

Growth and growth attributes of sunflower (Helianthus annuus L.) as influenced by 

different levels and methods of boron application in alfisols of Karnataka. G. J. B. B., 6 

(1): 172-176. 

*Radoev, L. (1954). Study on the role of honey bee and field insects in sunflower pollination. 

Spisanic na nancho – Irsledovatelskite instituti priminsterstvata na zamedelcta I gorito, 

Satiya 4: 3-6. 

Ram, M. and Davari, M. R. (2011). Seed setting and filling problem in sunflower and its 

management – A review. International journal of Agronomy and Plant Production, 2 

(2): 33-56. 

Rasool, F. U., Hassan, B. and Jahangir, I. A. (2013). Growth and yield of sunflower (Helianthus 

annuus L.) as influenced by nitrogen, sulphur and farmyard manure under temperate 

conditions. SAARC J. Agri., 11 (1): 81-89. 

Reddy, N. Y. A., Uma Shaanker, R., Prasad, T. G. and Udaya Kumar, M. (2003). Physiological 

approaches to improving harvest index and productivity in sunflower. HELIA, 26 (38): 

81-90. 

Seetharam, A. (1976). Performance of sunflower varieties and the role of various factors 

affecting seed yield. Paper presented at subject matter seminar on sunflower production 

technology. University of Agricultural Sciences, Ministry of Agriculture and Irrigation, 

Govt. of Karnataka, Bangalore. 

Shinde, Y. M. and Dhoble, S. Y. (1979). Efficiency of hand pollination on seed filling of 

sunflower. SABRAO Journal, 11 (1): 41-43. 



32 
 

Sindagi, S. S. (1977). Poor seed set in sunflower and means to alternate it. Paper presented at X 

Annual Workshop (Kharif crops) of AICRP on Oil seeds held on 12
th

 to 15
th

 May, 1977, 

ICAR and ANGRAU, Hyderabad, India. 

Singh, H. and Yadav, A. K. (1985). Pollination in relation to seed yield in Sunflower. Haryana 

Agriculture University. Journal of Research, 15 (3): 341-343. 

Singh, V. (1977). Problem of empty seeds in Sunflower. Paper presented at X Annual Workshop 

of All India Coordinated Research Project on Oilseeds held at Rajendranagar, 

Hyderabad, India during 12th to 15th May, 1977. 

Sinha, S. N. and Atwal, S. S. (2000). Pollination requirement in sunflower hybrid seed 

production: III Effect of methods of pollination on seed setting and yield. Seed Research 

28 (2): 113-118. 

Somroo, S. A., Bhutta, A. R., Durrani, S. R. and Oad, C. F. (2007). Assessment of foliar and 

broadcast application of boron on growth and yield of sunflower (Helianthus annuus L.). 

Pak. J. Seed Tech., 1: 54-62. 

Subbaiah, H. (1983) Studies on seed setting, filling and yield of sunflower. Mysore Journal of 

Agricultural Sciences, 17 (1): 90-91. 

Tahir, M., Younas Ishaq, M., Sheikh, A. A., Naeem, M. and Rehman, A. (2014). Effect of boron 

on yield and quality of sunflower under agro-ecological conditions of Faisalabad 

(Pakistan). Sci. Agri., 7 (1): 19-24. 

Udayakumar, M., Rama Rao, J., Prasad, T. G. and Krishnasastry, K. S. (1976). Translocation C-

4 metabolites to the head in sunflower. Indian Journal of Experimental biology, 14: 302. 

Vasudevan, S. N., Thimanna, D., Shekhara Gouda, Uday Kumar, M., Kurdikeri, M. B. and 

Seetharam, A. (2002). Influence of growth regulators on seed yield, yield parameters and 

oil content of sunflower genotypes. Karnataka J. Agric. Sci., 15 (1): 24-29. 

Yadava, D. K., Sangwan, R. S., Yadav, O. P. (1994). Evaluation of pollination methods for 

hybrid seed production in sunflower (Helianthus annuus L.). Crop Research 8 (3): 512-

516. 

* Originals not seen 

 

 

 



33 
 

VITAE 

 

Mr. KENGARE RAHUL ANKUSH 

MASTER OF SCIENCE (AGRICULTURE)  

IN 

PLANT PHYSIOLOGY 

2018 

 

Title of thesis : “Effect of growth regulators on seed filling in 

sunflower during kharif season” 

Major field : Plant Physiology 

Biographical information :  

Personal Date of Birth : 21/04/1993 

 Place of Birth : Mumbai 

 Father’s Name : Mr. Kengare Ankush Jayasing 

 Mother’s Name : Mrs. Kengare Vandana Ankush 

Educational Bachelor Degree 

Obtained 

: 

B.Sc. (Agri. Bio-Tech) 

Modern College of Agriculture Biotechnology, 

Kule-Dakhane, Tal. Mulshi, Dist. Pune. 

 Class : Second Class 

 Name of University : Mahatma Phule Krishi Vidyapeeth, Rahuri. 

Address : A/P Rajgurunagar, Tal: Khed, Dist: Pune - 410505. 

 Email- id : rahul.kengare@gmail.com 

 Contact Number : 9595069060 

 

 

mailto:rahul.kengare@gmail.com

