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> afflower (Carthamns tinctorius L.), an oil seed crop, is usually 
.onsidered as self pollinating crop. However, cross pollination 
increases the number of seed setting. During flowering span in 
: ' - ’ salpur area (Bihar, India), several insect species visit the 
• irrlower rather indiscriminately and thus pollination is highly 
generalized. The flowering span extended from the middle of 
February to second week of April. D uring this period the 
population of insect pollinators varied remarkably. Diptera 
spp. were most active towards the end of the flowering span and 
som e o f  them are h ig h ly  active  d u r in g  early  f lo w e r in g  
February). Apis m ellifera  was active during whole period of 

flowering while Apis iniiica and A pis dorsata  were more active 
when maximum number of the plants were at bloom (only in 
the middle of the flowering span). Only some Lepidoptera spp. 
butterflies) are active during middle period of flowering span. 

Towards the fag end of the flowering span bees population was 
drastically reduced and replaced by flies like Dacus cucurbitae. 
Relative importance of different groups of insects with reference 
to their periods of activity w ithin the flow ering span, and 
foraging behaviour of some important pollinators have been 
discussed.

K ey  w o rd s : C arthn m u s t in c to r iu s ,  p o l l in a t io n ,  
pollination mechanism.

S a ff lo w e r  (C arth am u s tin c to r iu s  L.) is an 
important commercial oil seed crop, grown in rabi 
season. Safflower oil is primarily used for edible 
purposes due to high percentage of (70%) linoleic acid 
(Hasan Baydar, 2002).

Seed production in safflower is directly related 
with success of pollination because the plant shows 
self pollination in absence of pollinators (Knowles, 
1969). Claasen (1950) reported zero to 100 percent 
cro ss  p o ll in a t io n .  In  m ost  o f the p la n ts ,  cross  
pollination ranged from 5-40%. Pollinators contribute 
to various degree of pollination of the flower (Kadam 
and Patanker, 1942; Levin and Butler, 1966; Butler et
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at., 1966; Levin  et at., 1967). Safflow er is usually  
co n sid ered  to be a self  po ll inated  crop. Insects ,  
particularly bees, are the major agents of pollination 
(B och , 1961 ; E ck e r t ,  1962 ; R u b is  et u i., 1966). 
Tem perature  and h um id ity  affect seed setting of 
bagged flowers (Patil and Chavan, 1958).

The fam ily A steraceae, to which safflower 
belongs is said to be homogeneous in features of the 
pollination syndrome and generalist with respect to 
pollinators. Members of many insect groups visit the 
capitula, apparently indiscriminately (Lane, 1996). 
Role of different species of insect and their relative 
contribution in pollination of the crop is still not 
defined. The p resen t s tud y attem pts to describe 
pollination mechanism and behaviour of pollinators 
in safflower (Carthamus tinctorius L.) and record the 
ch a n g e s  in p o l l in a to r  p o p u la t io n s  d u rin g  the 
flowering span of the crop.

M A T E R IA L S  A N D  M E T H O D S

The study was conducted with plants growing in 
experim ental plots of about 96 sq.m. area in the 
Department of Botany, T.M. Bhagalpur University, 
Bihar, India. O b se rv a tio n s  w ere  m ade on three 
s u c c e ss iv e  c ro p s  in the y e a rs  (2 0 0 2 -2 0 0 4 ) .  
M orphological characteristics were noted by field 
observations as well as with the help of a dissecting 
microscope.

Insects visiting safflower crop were collected 
by sw eeping with an insect net. Honey bees and 
butterflies were killed by pressing on their thorax with 
the thumb and forefinger and preserved in butter 
paper bags. For other insects caught, the net was
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inserted inside a w ide -m outh  b ottle  contain ing  
chloroform. The unconscious insect was picked out 
with a forceps and kept in butter paper packet. The 
insect packets were preserved inside a cardboard box 
with naphthalene balls inside it. These insects were 
id entified  in the D e p a rtm en t of Z oo lo g y , T. M. 
Bhagalpur University.

Visits of important pollinating insects were 
studied throughout the flowering span of the crop, i. 
e. from the middle of February to the second week of 
April, devoting one day per w eek for the study. 
O b se rv a tio n s  w ere  reco rd ed  b e tw e e n  06 :00h  to 
17:30h. The insects with pollen attached on their body 
were considered as pollen gatherers whereas those 
w ith o u t  p o llen  load w ere  co n sid e re d  as nectar  
collectors.

Of all insects v isiting the crop, 12 species 
which were most frequent and abundant visitors, 
were particularly selected for the study of foraging 
b eh av io u r.  Total d u ra tio n  for w h ich  the insects 
worked in field was recorded separately for each 
species. To ascertain the number of flowers visited by 
the insect in one bout, an ind iv id ual insect was 
followed in the field for the maximum possible time 
till the insect totally left the field. Total time spent by 
the individual foraging insect in one bout and the 
duration of time spent by it in each flow er were 

recorded.

R E S U L T S  

Pollination m echanism

T h e  in f lo r e s c e n c e  of s a f f lo w e r ,  ty p ica l  of the 
C o m p o s ita e ,  co n s is ts  o f n u m e r o u s  d isc  f lore ts  
collected together on a circular receptacle which is 
surrounded by several layers of involucral bracts; the 
outer ring being heavily spined, protective, and foliage 
green. Floret head varies from 2.5 cm to 4.00 cm. A 
single plant bears 9 - 45 capitula. Each capitulum has 
41-69 hermaphrodite disc florets which are arranged 
in 3 to 5 whorls.

The period from emergence to flowering was 
about 90 to 120 days and the first flower came into 
bloom within 17-20 days from the first appearance 
of the bud. Flowering span (from first bloom to last

bloom) is three to four weeks only. The florets at the 
m argin  of the cap itu la  open  first and flow ering  
proceeds centripetally, the whole process takes about 
3-4 days. Anthesis of disc florets takes place between 
06:30 h to 08:00 h.

Before flowering, stigma is enclosed by five 
fused anthers , w hich  are attached by very short 
filaments to the tip of the corolla tube. Usually all 
florets that open during a given day begin to elongate 
by sunrise. Anther dehiscence, which normally occurs 
soon after sunrise, takes place at the top of the anther 
column as the stigma emerges from within the anther 
tube. The combined elongation of the style through 
the corolla tube pushes the brush-like stigma through 
the anther until all the stigmatic surface of the pistil 
has grown well beyond the tip of the anthers. By the 
time this process of e longation  is com pleted, the 
stigma is usually well covered with the floret's own 
pollen.

Behaviour of Pollinators

During the flowering span, several insect species visit 
the safflower crop from early morning (about 06:30h) 
till evening  (about 17:30 h); m ost of them being 
regular pollinators (Table 1). The pollinators were 
ascertained on the basis of pollen adherence on their 
b o d y  p a rts ,  and  a lso  fro m  re le v a n t  l i te ra tu re  
confirming their role as pollinator of the members of 
Asteraceae. The identified insects fall into 3 different 
orders of class Insecta.

Table 1. Insect visitors of safflower crop

ORDER SPECIES

Hymenoptera: Apis indica, Apis mellifera, Apis

clorsata, Solenopsis geminate

Lepidoptera : Pieris brassica, Danaus plexipus,

Euplea core

Diptera: Syplius latifaciatus, Dacus

cucurbitae Musca domestica,

Calophora spp.

Coleoptera : Epilachna sp., Epilachna sparsa,

C h Horn enes sexrn acid a ta

Odonata : Isclinura sp., Libula sp.



Observations on the foraging behaviour of 
some of the important and most frequent pollinators 
are presented in Table 2. Am ong the visiting bees, 
Apis indica visit the flowers from 07:00 to 17:30 h. 
The bees are most abundant in the m iddle of the 
flowering span when m axim um  num ber of plants 
were at bloom. Their population gradually decreases 
at the fag end of the flowering span and only a few 
bees are seen in the field after the 4th week of March. 
F lies  co n s t i tu te  a n o th e r  im p o r ta n t  g ro u p  of 
p o ll in a to rs ,  p erh ap s  the m ost  s ig n if ica n t  in the 
absence of the bees. They are regular at the end of 
flowering season.

Table 2 Foraging behavior o f some important pollinators o f  safflow er

Name o f insect Duration of 

insect visit(h)

Average time 

.spent by the 

insect in one 

bout (min.)

A verage time 

spent on one 

flow er (min.)

Number o f 

flowers visited 

in one bout

Apis indica 07:00-17:30 10-25 3.12 6-15

Apis dorsata 09:30-12:00 12-15 0.30-1.30 7-11

Apis mellifera 10:30-16:00 15 0.25-2 5-8

A pis sp. 08:00-14:00 10 1.30-2 9

Solenopsis

gem inate

10:00- 14:30 4 - 7 1.28-2 3-5

M usea domestica 07:30-16:00 11 0.3-0.15 6-10

Calophora spp. 06:00-12:00 5 0.20-0.30 8

Pieris brassicae 07:00-11:00 3-4 0.25-0.36 5-7

D anaus plexipus 06:30-10:30 2 0.15-0.28 4

Surplus

latifaciatus

11:30-16:00 8 0.20-0.45 7 VT

D acus cucurbitae 10:00-14:00 10 2:00-3:00 5-6

The flies become active early in the morning 
and remain in the field for the whole day. They are 
most abundant and active towards the fag end of the 
flowering season, when heads start drying. Only the 
flies and a few butterflies visit the heads during this 
period (Fig.l). Only some butterflies are regular at 
the middle of flowering season. Out of which Danaus 
p lex ip u s  and E u p o lo ea  co re  a re  n o te d  as casu al 
pollinators. Butterflies start to visit the crop normally 
early in the morning. However, at about noon, their 
activities slow down and their population is greatly 
reduced. Only a few occasion al b u tterflies  are 
encountered between 09:00 h to 11:00 h and visit 
the flower not for more than 0.36 minutes on a single 
head before flying to next flower.

Fig 1. Foraging  span of d ifferent insects visiting 
safflower field during the flowering span of safflower.
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Fig 1. Foraging span o f  different insects visiting safflower field during the flowering span of 

safflower.

D IS C U S S IO N

Safflower is basically self-pollinated, but bees 
or other insects are generally necessary for optimum 
fe r t i l iz a t io n  and m a x im u m  y ie ld . A b se n ce  of 
p o l l in a to r s  re s u lts  in s e lf -p o l l in a t io n .  In th is  
behaviour, safflower differs from other Asteraceae 
m e m b e rs  w h ic h  are m o s t ly  s e lf - in c o m p a tib le .  
A m ongst pollinating insects, Hymenoptera (bees), 
Lepidoptera (butterflies) and Diptera (flies) play 
major role in pollinating the safflower crop, a feature 
also observed by Weiss (1961) and Landgridge and 
G o o d m a n  (19 8 0 ) .  F o r a g in g  b e h a v io u r  of b ees  
observed in p resent s tudy is basically  sim ilar to 
sunflower (Srivastava and Srivastava, 1985), dahlia 
(Patil and Zingre, 1985), and niger (Panda et a l., 
1993a; 1995; Dhakal and Pandey, 2003). The present 
study shows that in the absence of bees in the end of 
f lo w e r in g  sp an , D ip te ra n s  seem  to be the only  
significant pollinators.

A la rg e  n u m b e r  o f  C o le o p te ra  v is it  the 
safflow er p lants , som e of them  being  predators. 
Odonata species which visit the safflower plants are
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carnivorous and eat other insects w hich visit the 
safflower crop.

Interestingly, the types as well as the number 
of in sec t  v is ito rs  ch a n g e  w ith  tim e d u rin g  the 
flowering span of safflower crop. In the beginning, 
bees are most abundant while towards the end of 
flowering span flies become dominant but some of 
the butterflies are also seen in the m iddle of the 
flow ering  span. Safflow er crop flow ers  betw een 
February and April. The flowering lasts for 40-50 days 
and this period is remarkably constant but, a single 
plant can flower only for three to four w'eeks. Bees 
p o p u la tio n  decrease with d ecreas in g  num ber of 
flowers per plant due to advancing age (Dhaliwal 
and Atwal, 1985). Ants act as a nectar eater and 
continue up to midday.

G enerally  the flow er v isitors  tend to start 
foraging low on inflorescence and w ork upward 
(W ad d ington, 1983). This  p attern  is fo llow ed in 
safflower when the insects visit from one inflorescence 
to the other on a single plant. Within a single head 
the insects move centrifugally, visiting the newly 
opened flower and then moving to the older flowers. 
The pattern of pollinator m ovem ents between and 
on patches of flowers and on inflorescences has been 
interpreted in terms of optimal foraging theory by 
which the foragers maximize their net rate of energy 
accumulation (Pyke, 1984).
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