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          Study was carried out from the end of 2012 till 2014, from South Bengal region, to explore the diversity of insect 

pollinators in Helianthus annuus, PAC-361, and their influence on the seed yield and quality. Insect visitors / pollinators 

were recorded at time periods from 07.00 hrs to 18.00 hrs. 17 species belonging to 13 families under 5 orders were recorded 

among which 4 species (Apis dorsata, A. cerena, A. mellifera and Certaina unimaculata) were both pollen and nectar 

collectors and remaining 13 were only nectar collector. Hymenopteran abundance was maximum (50%) followed by Diptera 

(17%), Coleoptera (12%), Hemiptera (14%) and Lepidoptera (7%). Foraging behavior and pollination efficiency index were 

evaluated. Qualitative and quantitative effects of pollination on the number of seeds per flower head and mean weight of 100 

seeds were reported to be significantly (p≤0.05) higher in open pollinated flower than controlled one viz. 40.3 and 36.73% 

respectively. Further, pollination increases the germinability of the resulting seeds to 36%. Lower seed yield was probably 

due to the availability of less number of viable pollen. 
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Introduction 

Sunflower (Helianthus annuus L.) is one of the 

important crops in India’s oil seed production, due to its 

health appeal, during late eighties and early 1990s. It is 

also a crop of choice for farmers due its wider adaptability, 

high yield potential, short duration and profitability (Nayak 

et al., 2004). The major countries growing sunflower are 

North America, Russia, India, China, Turkey, South Africa 

and Sudan (Roubik, 1989; Nayak et al., 2004). In India, 

sunflower occupies the fourth place among different 

oilseed crops in terms of acreage and production (Jadhav et 

al., 2011). In India, prior to the use of sunflower seed as oil 

producing plant, it was used as an ornamental plant. Seven 

states with Karnataka in the lead are the major producers of 

sunflower in the country. Karnataka with a production of 

3.04 lakh tones from an area of 7.94 lakh hectares followed 

by Andhra Pradesh, Maharashtra, Bihar, Orissa, Tamil 

Nadu and West Bengal are major sunflower producing 

states of India (Nayak et al., 2004). The problems over the 

yield of sunflower seeds cultivated in West Bengal are 

influenced more by the time of sowing the seeds and it was 

revealed that while climatic conditions in December were 

ideal for sowing, in many of the areas it was not done 

before February (Socio economic statistical information 

about West Bengal agriculture, 2007-08). The cultivation 

takes place mostly in Uttar and Dakshin Dinajpur, Malda 

and Murshidabad (all in northern part of Bengal), in 

Purulia in the western part of the State and in Nadia in the 
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east. Hence this particular unexplored area, Saratnagar, 

from South Bengal region was chosen for this study. 

It has been reported that the quality of most crop 

species is increased by pollination which is highly 

important, but also a seriously endangered ecosystem 

service (Klein et al., 2007; Gallai et al., 2009; Potts et al., 

2010). In fact, 75% of the world’s major crops are 

dependent on, or benefitted from, the ecosystem service of 

pollination by insects and other animals (Klatt et al., 2013). 

The close association of the tubular florets or head (500-

1000 in number), which are hermaphrodite in nature, and 

the outer ray florets, which are sterile, make the sunflower 

inflorescence more conspicuous to various insects that visit 

the flowers (Roubik et al., 1989). Insects constitute one 

among the primary groups of pollinating agents, as the 

association between insects and flowers are well 

established since evolutionary times. Insect pollination is 

important to the reproduction and persistence of many wild 

plants (Ollerton et al., 2011). The major anthophilous 

(flower frequenting) taxa among insects are the beetles 

(Coleoptera), flies (Diptera), wasps, bees and ants 

(Hymenoptera), thrips (Thysanoptera), and butterflies and 

moths (Lepidoptera) (Free, 1993; Kearna, 1998; Mitra and 

Parui, 2002; Bhowmik et al., 2014, 2014). The first rule of 

Insect-plant association is based on a give and take policy, 

which is rather a part of co-evolution. Insects will always 

visit the flower primarily for getting some rewards, 

whether it is in the form of nectar or pollen, and that 

opportunity is exploited by the floral parts of the plant and 

thus pollination occurred. In case of sunflower 

inflorescence, both the pollen and nectar are quiet 

attractive to insects throughout the day (Bitkolov, 1961; 

Free, 1964). Nectar is secreted at the base of the floret, 

primarily during the pollen producing stage of flowering 

but to some degree when the stigmas are receptive (Free, 

1964).  

The morphophysiological disagreement of stamens 

and pistils, breeding system of self incompatibility, 

protandrous nature of the florets and pollen not well 

adapted to the transport by wind, hinder the process of 

pollination by anemophily (Vrânceanu, 1977; Dechechi, 

2011). Moreover, the floral arrangement and sequence of 

flower opening allows them to be assisted when visited by 

pollinated insects (Gregor, 1976; Free, 1993). Bees are the 

most important insects in the sunflower pollination process 

and unlike other insects that visit Helianthus annuus, only 

for their own food, bees visit a greater number of flowers 

to fulfill the needs of their colony (Gregor, 1976; Morgado 

et al., 2002; Muller et al., 2006; Dechechi et al., 2011). 

Hence, it is essential to generate information on the status 

of naturally occurring pollinator diversity, abundance and 

pollination efficiency index which has direct impact on the 

yield and quality of seed production. With this background, 

the present studies have been undertaken to document 

insect pollinator diversity, abundance and pollination 

efficiency index of this hybrid variety of sunflower from 

the South Bengal region where so far, no data is available. 

The present work further shows the ecological services 

played by the pollinators in increasing the seed yield of the 

crop (both qualitatively and quantitatively) thereby 

increasing the germ inability of the resulting seeds. For 

determining the cause of high seed yield, pollen viability 

test was also done. 

Materials and Methods 

 The study was conducted at Agricultural land from 

Saratnagar (Latitude 22o N; Longitude 88o E), of District 

North 24 Parganas from South Bengal region from 10th of 

November 2012 to 31st of December, 2014. Pollinating 
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insects at different time periods viz 7-8 am, 9-10 am, 11-12 

am, 1-2 pm, 3-4 pm and 5-6 pm were observed and 

collected. Record of daily mean temperature (17-24oC) and 

relative humidity (50-65%) was recorded from the local 

meteorological laboratory. Vermicomposting was being 

used as plant growth media and soil amendments 

(information collected locally). The methods for collection, 

killing, preservation, setting and pinning of the insects 

were adopted from the manual of Zoological Survey of 

India (Jonathan and Kulkarni, 1986). The collected 

specimens were identified from Zoological Survey of 

India, Kolkata. The population of the above mentioned 

crop plants were observed and initial hypothesis built on 

these observations suggested very little or even no change 

with regard to the pollination population in each of the 

quadrate of the particular plant species. As such, sampling 

was conducted at the discretion of the investigator.  

 The diversity index of different orders of the insect 

species was calculated using most widely used Shannon-

Weaner diversity index method (Belavadi and Ganeshaiah, 

2013). Pollination efficiency index for the most frequent 

and abundant insect pollinator was calculated using 

procedures developed by Vithanage (1999). This is usually 

the product of the average flower to insect ratio per visitor 

species in an hour (the number of flowers visited and the 

number of individuals visiting those flowers in an hour) 

and the average number of the Sunflower pollen grains 

counted on the body of the visitor species. 

The number of flowers in a plant sample and the 

number of plants per m2 enabled a calculation of the 

number of flowers in the specified sowing area. In further 

biometric analyses each sample was examined for the 

height of plants, the number of flower heads per plant and 

seeds per flower head. Each sample was weighed and the 

weight of 100 seeds (both for controlled and open 

pollinated flowers) was calculated. The obtained results 

were statistically elaborated using an ANOVA. The 

significance of differences was determined. 

Flowering started in the last week of December 

2012. Plants with unopened floral buds were enclosed in 

insect mesh nets for self and wind pollination only 

(preventing insect pollination) and open flower buds left 

for self pollination, pollination by wind and insects. Seven 

quadrate area was randomly selected in the field area of 

900 m2 having 2500 plants/ 100 m2 for each of the 

experimental design as 

Affect of pollination on number of seed per head  

Effect of pollinating insects on seed quality: It was 

studied by collecting the seeds. It was assessed in terms of 

increase in the weight and volume of seed, measured with 

the help of micro electric balance and Vernier scale, 

respectively. For this, 100 seeds were collected for each 

experimental design. The data so found was analyzed 

statistically.   

A minimum of five anthers (just after dehiscence) 

were transferred on to a cavity slide with a drop of distill 

water and crushed well with a spatula to get all pollen out 

to the water. The content was then transferred to a glass 

vial and then it was made up to 5 ml by adding more distill 

water. Further, the pollen grains were also collected from 

the body hair of honey bee (Apis dorsata was chosen) 

simply by dropping the insect in distil water in a glass vial. 

In vitro pollen viability was assessed by growing the pollen 

grains in an artificial medium containing sucrose to record 

the percent of them germinating. A known number of 

pollen grains (about 20 pollen grains) were placed on a 

cavity slide containing sucrose solution. Percent of sucrose 

solution required for germination needs to be determined in 
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advance. This was done by using 2, 5, 8, 10, 15, 20, 25, 30, 

40 and 50% sucrose solution. The test was repeated several 

times to find out the ideal concentration to be used. The 

cavity slides containing pollen grains in the sucrose 

solution was placed in a petriplate with a wet filter paper to 

maintain the humidity. Observations were recorded on the 

number of pollen grains with pollen tubes after 1, 2, 4, 6, 

and 8 hours respectively. Seed germination was assessed 

by placing the two types of seeds, (one obtained from 

controlled pollinated flower and the other type from open 

pollinated flower), in a plastic petridish with double layers 

of Whatman Filter paper. On the sowing date, the filter 

paper was saturated with double distil water and then kept 

moist for 2 days. On the 14th day the germination was 

scored as successful with the appearance of two cotyledons 

of the seedling in case of open pollination, where as in case 

of controlled flowering, on the 17th day the germination 

was scored. 

Results and Discussion  

Diversity, abundance and foraging of insect pollinators / 

visitors in Helianthus annuus, PAC-361  

In the present study, total 17 species under five 

orders viz. Coleoptera (3 species under 3 families), 

Hymenoptera (4 species under 1 family), Hemiptera (4 

species under 4 families), Diptera (4 species under 4 

families) and Lepidoptera (2 species under 2 families) were 

observed to be associated with the flowers of Helianthus 

annuus, PAC-361 (Table 1). All the four species of 

hymenoptera were observed as both pollen and nectar 

foragers, where as insect species from order Lepidoptera, 

Coleoptera, Hemiptera and Diptera were reported to be 

nectar foragers only (Table 1), but Lepidopterans were 

reported to only accidentally transfer the pollens. The 

foraging time of the different insect visitors/ pollinators 

associated with the crop are presented in Table 2, from 

where it was evident that, throughout the day all the insect 

groups were found active but their peak foraging activity 

time were different.  

The peak foraging activity of the members of 

hymenoptera, diptera, coleoptera, hemiptera, and 

lepidoptera was observed to be around 10:00 a.m., 11:30 

a.m., 1:30 p.m., 11:00 a.m. and 8:30 a.m. respectively 

(Fig.1A, B). Moreover, among order Hymenoptera, the 

highest foraging activity of Apis dorsata megapis was 32 

bees/25 sq.ft/10 min, Apis cerana indica was 22 bees/25 

sq.ft/10 min, Apis mellifera was 9 bees/25 sq.ft/10 min and 

Certaina unimaculata was 5 bees/25 sq.ft/10 min was 

reported (Table 2), but this foraging number varied with 

time. Maximum number of Apis and non-Apis bees was 

observed around 10 am but the abundance was reported to 

be low after 1 pm and again increased after 3 pm that 

lasted till 5:30 pm (Fig. 1B). Moreover, duration of pollen 

presentation in case of Helianthus annuus is generally from 

7am-6 pm and its peak period of dispersal is from 9 am-10 

am that makes 77.7% of day’s pollen presentation 

(Greenleaf and Kremen, 2006). Thus, a positive correlation 

between the peak period of pollen dispersal and peak 

foraging rate of Apis species were observed. It was further 

observed that, abundance of Hymenoptera was maximum 

(50%) followed by Diptera (17%), Coleoptera (12%), 

Hemiptera (14%) and Lepidoptera (7%) (Table 2). Again, 

out of the three bee species, the abundance of Apis dorsata 

was maximum (23%) followed by A. cerena (20%), A. 

mellifera (4%) and non Apis bee Certaina unimaculata 

(3%). Shannon-Weaner diversity index H’ was calculated 

and found to be 1.49 for order Hymenoptera, 1.4 for the 

species of order Diptera and 1 for the species under order 

Lepidoptera (Table 1).  
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Table 1. List of insect visitors and pollinators of Helianthus annuus, PAC-361

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. The foraging time and abundance percentages of the insect pollinators/ visitors of the crop plant, Helianthus annuus 

PAC-361 

 

Insect Orders Family Insect Species Forage source  

Shannon-Wiener 

Diversity 

Index H’=- 

Pi(LnPi) 

Hymenoptera Apidae 

Apis dorsata megapis 

Apis cerana indica 

Apis mellifera 

Certaina unimaculata 

Nectar & Pollen 1.49 

Diptera 

Muscidae 

Sarcophagidae 

Sciomizidae 

Pipunculidae 

Musca indica 

Brachioma devia 

Unknown 

Unknown 

Nectar 1.46 

Coleoptera 

Halticidae 

Coccinellidae 

Curculionidae 

Haltica sp. 

Menochilus 

sexmaculatus 

Smicronyx fulvus 

Nectar 1.38 

Hemiptera 

Scutelleridae 

Miridae 

Membracidae 

Pentatomidae 

Crysocoris stolli 

Unknown 

Leptocentrus Taurus 

Nezara viridula 

Nectar 1.36 

Lepidoptera Noctuidae 
Danaus chrysippus 

Stemorrhages costata 
Nectar 1.25 

 
Number per 25 sq. ft/ 10  

minutes  
 

Order Name of species 
07-08 

A.M. 
09-10 

A.M. 

11-12 

P.M. 

01-02 

P.M. 

03-04 

P.M. 

05-06  

P.M. 

Relative 

abundance 
Total abundance % 

H
Y

M
E

N
O

P
T

E
R

A
 

Apis dorsata megapis 23.27 32.86 26.25 18.24 22.88 9.48 22.16 

49.58 

Apis cerana indica 14.58 22.42 18.56 12.02 16.12 12.42 16.02 

Apis mellifera 4.47 8.94 5.18 4.38 7.28 5.14 5.9 

Certaina unimaculata 3.12 4.85 6.24 4.44 8.24 6.12 5.5 

D
IP

T
E

R
A

 Musca indica 4.98 4.83 7.96 4.84 7.64 5.86 6.01 

17.15 

Brachioma devia 5.94 5.82 7.6 4.98 6.63 4.86 5.97 

Unknown 1.54 2.66 4.60 1.04 2.12 1.04 2.17 

Unknown 2.16 3.88 4.62 2.08 3.16 2.04 2.99 

C
O

L
E

O
P

T
E

R
A

 Haltica sp. 4.48 3.46 4.9 6.44 4.16 7.28 5.12 

12.21 
Menochilus sexmaculatus 3.54 5.82 4.48 7.62 5.66 3.44 5.1 

Smicronyx fulvus 1.24 2.32 1.82 2.42 2.1 2.02 1.99 

H
E

M
IP

T

E
R

A
 

Crysocoris stolli 1 0 2 1 0 2 1 

13.92 
Unknown 0 1 2 0 1 2 1 

Leptocentrus Taurus 6.56 7.26 9.96 5.84 8.94 7.88 7.74 

Nezara viridula 2.44 6.42 5.98 3.24 4.56 2.44 4.18 

L
E

P
ID

O

P
-T

E
R

A
 Danaus chrysippus 

 
4.6 2.62 3.48 2.6 3.24 2.16 3.12 

7.15 

Stemorrhages costata 6.4 4.64 3.52 2.3 4.58 2.74 4.03 



 

Fig. 1. (A) Bar graph showing the foraging activity of the 

different insect visitors and pollinators from Helianthus 

annuus PAC-361 in 25 sq.ft area /10 min. (B) Line graph 

showing peak foraging activity of the different Apis and 

non-Apis bees under order Hymenoptera.   

 

Higher diversity index indicated a rich and even 

distribution of the species under order Hymenoptera. 

Pollination efficiency index for the species under family 

Apidae of order Hymenoptera was determined using 

procedures developed by Vithanage (1990), (Table 3). By 

counting the mean number of pollen grains from the body 

hair of the hymenopteran insects, it was reported that 

pollination efficiency index was maximum in Apis dorsata 

followed by A. cerena, A. mellifera and least with the non-

Apis bee, Certaina unimaculata. It was further observed 

that with every Apis species (especially A. dorsata and A.  

mellifera) at least 1-2 non-Apis bees (Certaina 

unimaculata) were always associated. Though both pollen 

count and pollination efficiency index of non-Apis bees 

were low, their increased foraging enhanced the foraging 

capability of honeybees. Honey bees were shown to forage 

efficiently and visits many sunflower heads in presence of 

more non-Apis bees (Percival, 1955; Nderitu et al., 2008). 

Fig. 2. Comparative study of in vitro analysis of pollen 

viability in, (A) pollen collected (71% of viable pollen 

collected) from various body parts of Apis dorsata, (B) 

pollen collected (76% of viable pollen collected) from the 

anthers of the pollinated flowers. 

 

 

 

 

 

Though, very few in number, but 4 different types 

of species viz. Crysocoris stolli (Scutellidae), Leptocentrus 

Taurus (Membracidae), Nezara viridula (Pentatomidae) 

and one unknown species (Miridae) under order Hemiptera 

were also reported to pay visit to the flower head and were 

reported to be very slow in movement from one flower 

head to another, observing to forage mainly on the nectar  



 

 

Table 3.  Mean number of pollen grains counted from the body hair of Apis and non-Apis bees foraging Helianthus annuus, 

PAC-361 

of the flower head. They do not play any noticeable role in 

pollination and act as casual visitor. Among order 

Coleoptera, three species viz. Haltica sp. family Halticidae; 

Menochilus sexmaculatus, family Coccinellidae and 

Smicronyx fulvus, family Curculionidae were reported to 

be present (3-4 / plant). Menochilus sexmaculatus 

followed by Haltica sp. were found to be the most 

abundant Coleopteran species visiting the crop plant during 

12-1 pm and again after 2 pm that remained there till 5 pm. 

Though they were observed to forage mainly as predators 

eating the aphids that are attracted to the crop plants, their 

role as pollinators can be avoided in this case.  

Fig. 3.  Regression curve of the total number of A. dorsata 

(as pollen collector) as a function of sunflower flowering 

day 

Diversity was also common among order Diptera (4 

different types of species). During morning from 11 am till 

1 pm, number of species viz. Musca indica from family 

Muscidae, a few species of Brachioma devia under family 

Sarcophagidae and two unknown species from family 

Sciomizidae and Pipunculidae respectively were observed 

and found to forage mainly on nectar. Among all, Musca 

indica were reported to be the most abundant to visit 

almost 4-5 plants per minute and their number varied from 

2-3 /plant. Order Lepidoptera were reported to show least 

abundance and diversity with only two species, Danaus 

chrysippus and Stemorrhages costata, both from family 

Noctuidae. Thus, considering the parameters like forager 

abundance, foraging rate and time, foraging source and 

number of pollen grains sticking to the body of the insects, 

it was established that though insect species from order 

Lepidoptera, Coleoptera, Hemiptera and Diptera may help 

in pollination process, but it was Apis dorsata that was 

found to be the most effective and efficient pollinators of 

Helianthus annuus, PAC-361 in this case.  

Pollen viability  

 Generally, total amount of pollen produced per 

flower head is about 239.0 mg that makes about 26.6 mg of 

pollen produced per day per inflorescence (Greenleaf and 

Kremen, 2006). The quality of  pollen is  assessed  on  the 

Insect Species 
Sunflower 

Pollen 
Foreign Pollen 

Flower: Insect Ratio 

Per Hour 

Pollination 

Efficiency Index* 

Apis megapis dorsata 1796 37 184:61 5417 

Apis cerana indica 1384 69 184:53 4804 

Apis mellifera 891 32 184:46 3564 

Certaina unimaculata 387 18 184:29 2455 

* calculated using procedures developed by Vithanage (1999). 



 

Table 4. Qualitative and quantitative effect of open pollination in Helianthus annuus PAC-361 

 

 Parameter Open pollinated Control % Increase 

1 

    Number of seeds per 100 square feet area of flower: 

 
1694 seeds in 154 sq.cm. of the flower head without bagging (A) 

and 450  seeds in 50 sq.cm. of the flower head with bagging (B). 

1100 784 40.3 

 

   Volume of seeds (cm3) 

 

0.2745 0.0846 224 

3 

   Weight (gm) of 100 dry seeds  

 

8.04 5.88  37 

4 

Open pollination & with bagging of sunflower 

 

Open pollinated 

flowers through 

insect 

Controlled 

with fine 

muslin 

cloth bags 

to protect 

from 

insect 

pollination 

- 

5 

Germinability of seeds 

 

24 per 25 seeds 

(96%) 

15 per 25 

seeds 

(60%) 

36 
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basis of viability and vigour. Viability refers to the ability 

of the pollen to deliver formation of functional pollen tube 

or functional sperm cells to the embryo sac following 

compatible pollination (Shivanna and Johri, 1989). Pollen 

viability depends on various factors like temperature, 

relative humidity, stigma receptivity and biochemical 

changes on the membrane of the pollen (Shivanna and 

Mohan, 1993). Assessment of pollen viability on the basis 

of its function is a cumbersome, time consuming and not 

always feasible method (Heslop-Harisson et al., 1984). 

Therefore, one of the shortest method is the in vitro 

germination test (Belavadiand and Ganeshaiah, 2013). 

Pollen grains were collected (vide supra) from the peak 

period of dehiscence (i.e.) between 9 am and 10 am from 

open pollinated flowers. Simultaneously pollen was also 

collected from the body hair of the four different species of 

honey bee.  

 The ideal concentration of sucrose solution required 

for the growth of pollen tubes in this case was found to be 

20%. Pollen grains collected from both the sources were 

assessed for the growth of pollen tube in the desired 

sucrose solution after 1, 2, 4, 6 and 8 hrs of observations 

respectively. It was observed to show 71-76% of viability 

in both the cases which further showed that pollen grains 

collected by the honey bees are equally viable to the pollen 

grains collected from the anthers of the open pollinated 

flowers (Fig. 2). In addition, the scanning electron 

microscopic images (Fig.3 A, B) of the pollen collected 

from the insect body and anther of the open pollinated 

flower also portray the same picture. Further, a nonlinear 

regression curve of the total number of A. dorsata for 

pollen collection as a function of the crop flowering day 

has been presented in figure 3. Duration of anther 

dehiscence in sunflower is generally from 6-13 days 

(Greenleaf and Kremen, 2006). But, in this particular 

variety it was reported to be from 6-7 days. On the 3rd day 

maximum number of anther dehiscence was reported while 

after the 6th day slow regression of the pollen was observed 

with the drying of that floret. On the first day of flower 

bloom, the end of the bud was observed to open slightly 

and as a result the tip of the anther cylinder was exposed. 

The pollen dehisced from the inner walls of the fused 

anther cylinder. On the 2nd day, the style begun to elongate 

upwardly and to compact the pollen in the closed anther 

cylinder. No stigmatic surface was exposed to the receipt 

of pollen. The continued elongation of the style ultimately 

forced open the end of the normal anther cylinder and 

begun to push the previously dehisced pollen out the 

opening at the end of the anther cylinder. Such pollen was 

being exposed to pollen-carrying insects before its own 

stigmatic surfaces were available. 

Effect of pollinators on the seed and crop yield of 

Helianthus annuus, PAC-361 

 It was reported by many naturalists that cross 

pollination causes early seed set and higher yield ( Free, 

1993; Mishra, 1997). Utilization of pollinators especially 

honey bees is considered as one of the cheapest eco 

friendly approach in maximizing the yield of cross 

pollinated crops (Free, 1970; Pateel and Sattagi, 2007). 

Many investigations have consistently confirmed that 

yields can be increased to an extent of 50-60% in fruits and 

plantation crops, 45-50% in sunflower, sesamum and niger, 

100-150% in cucurbitaceaous crops through good 

management of pollinators (Melanichenko and Khalifman, 

1960). Seed yield data so obtained is presented in table 4 

S1, which revealed that number of seed per capitulum was 

784 in controlled experiment, while it was 1100 in open 

pollinated flowers, which shows an increase of  40.3% in 
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open pollinated flowers as compared to the controlled one. 

Similarly the mean seed weight of 100 seeds was 5.88 and 

8.04 gm in controlled and open pollinated experimental 

designs, respectively, thereby increased by 36.73% and the 

volume of the seed was increased to 224%. These results 

are in conformity with the already recorded observations of 

Cardon, 1922; Kalton, 1951; Barrett, 1954 on Helianthus 

annuus (Cardon, 1922; Kalton, 1951; Barrett, 1954). They 

reported that when self pollination (within the same head) 

occurs, seed setting is usually low, the seeds are 

undersized, and oil content and germination are also 

reduced. Self seeds also sprout more slowly and production 

from them is lower than from plants derived from crossed 

seeds. 

 Germ inability of both the types of seeds; one 

obtained from controlled pollinated flowers and the other 

type from open pollinated flowers, were also studies. It was 

observed that in case of controlled pollinated flowers 

where insect pollinators were excluded showed late 

germination and only 60 ± 2.3 (mean ± S.D germinability) 

% seeds were germinated, where as in open pollinated 

flowers almost 96 ± 3.2 (mean ± S.D germinability) % 

seeds germinated that further revealed that cross 

pollination by insects increases the germinability of the 

resulting seeds to 36% (Table 4) or in brief, it may be 

stated that in presence of pollinating insects, it is capable of 

setting more number of seeds of high seed weight which 

ultimately resulted in considerable increase in seed yield 

and increase in germinability of the resulting seeds. This 

confirms our findings to be true effects of bee pollination.  

This is a preliminary attempt to make a report of insect 

pollinators for the hybrid variety of Sunflower from South 

Bengal, which will certainly help the future workers as a 

baseline data of pollinators and pollination of the crops in 

this area. The foraging pattern of Apis bees on sunflower 

flowers is a key issue in studies of pollination and 

pollination is an essential requirement for bee keeping, 

providing a better understanding of plant biology and 

increased production. 

Conclusion 

It is clear from the present finding that the sunflower 

capitulum because of its self-incompatibility and 

protandrous nature of the floret depends on insect 

pollinators for the seed production by cross pollination. 

Qualitative and quantitative effects of cross pollination are 

higher in open pollinated flower. Further, considering the 

parameters like forager abundance, foraging rate/ time, and 

foraging source, it was established that Apis dorsata to be 

the most effective and efficient pollinators of Helianthus 

annuus, PAC-361. A positive correlation related to time 

and number was reported between the pollen presentation 

and its collection by the A. dorsata. Hence, conservation of 

bee species is recommended which enriches biodiversity 

along the line. Decline in the species diversity could pose a 

serious threat on the crop plant pollination and seed 

production.  
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