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Abstract:  

Capsicum annuum L. is a domesticated species of the plant genus Capsicum in the family Solanaceae. The 

present study on reproductive biology of Capsicum annuum L was undertaken. It produces flower throughout 

the year and cultivated during entire year. The flower opens from 7:00 to 9:00 am. Time of bursting of anthers 

from 7:15 to 9:00 am while stigma becomes receptive at about 7:30 to 9:00 am. The highest pollen viability 

(90%) was seen in Alexander’s stain however lowest pollen viability (75%) was observed by 1%TTC test. The 

maximum in-vitro pollen germination (76%) with longest pollen tube (210µm) was reecorded by Brewbaker’s 

and Kwacks medium. Pollination biology reveals that the C.annuum is fully self-pollinated plant. The 

maximum fruit set percentage ( 55%) was recorded in main season while minimum in summer season. 
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INTRODUCTION 

Chilli pepper (Capsicum annuum L.) is one of the most important crop of our India. It belongs to the 

family solanaceae which represents a diverse group. Chilli has a very important position in our daily life 

throuhgout the globe as a vegetable as well as spice (Materska and Perucka 2005; Oboh et al., 2007). 

Capsicum plant is econonomic, cultural and biological importance due to the use of the fruits preparing dishes 

of typical culinary traditions (Aguilar et al.,2009). The Genus capsicum comprises approximately 30 species 5 

of which C.baccatum, C. annuum, C.chinense, C.frutescencs and C. pubescens are domesticated and cultivated 

in different parts of the world (Bosland 1996;Andrews, 1995; Sudre et al., 2010). All of the species of 

Capsicum cultivated in India but C.annuum is one of the most important and common cultivted in agriculltural 

field of India. Now a days India has become  world’s wide largest producer and exporter of chilli and 
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commonly exporting to  many countries like USA, canada, Soudi Arbia, Singapore, Malaysia and Germany 

(Indian Horticulture database,2011). Hence in keepinng of the view of above facts of Capsicum there is a need 

to conserve in situ as well as ex situ with the help of reproductive biology study. Reproducton in flowering 

plants begins with pollination, the transfer of polllen from anther to stigma on the same flower or to the stigma  

of another flower  on the same plant (self pollination)or from the another on one plant to the stigma of another 

plant (Cross-pollination). Plant reproduction is the production od of new offspring in plants which can be 

accomplished by sexual or asexual reproduction. Knowledge on reproductive mechanisms of plant can help to 

assess the adaptive significance and homology of discriptive characters used in plant systematics. Studying 

reproductive biology can also give insight into the delimination and classification of speccies and infraspecies. 

Pollinators play a crucial role in reproduction of plants in nature as well as agriculture. 

 According to recent estimates, 87.78% of the flowering plants are pollinated by animals, of which 

inseccts constitute a large group. Singh et al.,(2010) have studied the reproductive biology of Evolvulus 

alsinoides. Schin et al.,(2022) have evaluated the phenology and reproductive success of Nicotiana 

plumbaginifolia. They reported that the most efficient pollinator of  N.plumbagfinifoli were bee and hawkmoth 

insecct. Knowledge of the reproductive biology of a any  plant is fundamental in order to develop an efficient 

breed. A number of studies have been carried out on plant reprductive biology such as Gomes et al.,(2001) 

studied morphological and reproductive charactersticks of Acerola. Mir et al., (2013) on Withania 

ashwagandha sp.nova., Jhang  et al (2018) on Moringa oleifera Lam.; Rincon Rabanales et al., (2016) Jatroha 

curcas.;James et al (1993) on genus Pandorea. 

Taxonomy of Capsicum annuum L. 

 Kingdom- Plantae 

 Subkingdom-  Trachobionate 

 Division-  Mangnoliophyta 

 Class -  Equistopsida 

 Subclass-   Magnolidae 

 Order-  Solanales 

 Family-  Solanaceae 

 Genus-  Capsicum 

 Species- annuum 

 The present investigation was carried out in different site of Agra region to evalute the reproductive 

biology of Chilli (C. annuum L.) with special refererence of Pollination Mechanism. The detail insights on its 

reproductive biology will be helpful for the proper conservation, management, antimicrobial evaluation and 

genetic improvement. 
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Material and Methods: 

The present study was carried out during 2008-2010 in different sites of Agra district namely Akola 

block, village Hirner Shamshabad block, vill- Paliya Fatehabad block and Bah block under the  climatic 

condition of Agra in North India. Floral phenology was observed in different plants were tagged before the 

initiation of flowering. These selected plants were followed daily and the number of open flowers were 

recorded. Twenty five flowers were sampled to record floral morphology. The plant produces bisexual flowers 

and on this basis flower ratio was calculated from daily anthesis observations. SEM (Scaning Electron 

Microscopy) was used to study the morphology of anther and pistil.  Samples were fixed in 3 % glutarledehyde 

in 0.1 M phosphate buffer at Ph 6.8. the samples were dried with Co2 at 1000lb per inch. The samples were 

mounted with gold 20mm in a SCD 0.2 sputter coating unit (Polaron equipment Ltd, Walford,England). 

Observations  and photographs were taken using  a philips EM 501 SEM at AIIMS Delhi. The number of 

pollen grains per anther determined from 25 flowers by method used by cruden (1997). The pollen size was 

measured with an ocular micrometer under light microscope folloeing the procedure  of Mckone and 

Webb(1988). The number of pollen grains divided by the number of ovules per flower yielded the pollen ovule 

ratio. . Pollen viability was tested using Alexander’s (1980) staining technique and 1% TTC test.  In vivo 

pollen germination was checked by method of Shivanna and Rangaswamy (1992). Pollination mechanism was 

checked by geitonogamy ans xenogamy through hand pollination. the foragoing behaviour of different insects 

was studied and the pollen efficiency was checked by observing the pollen load on different body parts of the 

insect under microscope, according to the procedure given by Kearn,s and Inouye (1993). The number of fruits 

formed on an inflorescence was recorded by randomly counting fruit formation per inflorecsence. The fruit-set 

and seed-set percentage were calculated.  

Result and Discussion: 

The result and discuossion of reproductive biology of C.annuum (Solanceae) are summarized in following 

heads. 

Floral Morphology and its dimmension 

Capsicum annuum L produces sibgle white large flower at each node with calyx teeth. Flower is solitary extra-

auxillary, actinomorphic, pedicellate, bisexual and hypogynous. Flower consists calyx and 5 in number while 

corolla consists 5 bell shaped petals. Androceium consists introse anthers. Gynoecium consists 2 carpels 

syncarpus with obliquely placed placenta. Ovary is superior 2 or 4 celled with numerous ovules in each locule 

with axile placentation (Fig.1). Style is slender, terminal and linear. Stigma is bifid.The average size of flower 

is measured as 13mm. it is intersting to note that the size of petioles was much enlarged and changed into 

folliaceous structure covering the newly emerged young buds in virus infected flowers. The average size of 

petioles are 6.5mm. The average size of sepals 3.6mm while the average size of petals (5.6mm) was recorded. 

The average size of stamens outer one (9mm) while inner one (12mm) were observed. The average size of 
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healthy anther (0.345mm) was measured however the average size of pistil (5.7mm) is recorded (Fig.2). Floral 

morphology plays an important role in identifying plants. Various workers have been worked on plant 

morphology. Singh et al., (2010) have found funnel shaped flower of Evolvulus alsinoides (commonly known 

as shankhpushpi). On the other hand Sachin et al.,(2022) have been observed long tubular type flower in 

Nicotiana plumbaginifolia viv. Jagatheeswari D (2014) have also studied morphology features of 20 taxa 

flowering of the family solanaceae. According to them, solanaceae or night shades are an economically 

important family of flowering plants. 

Floral Biology: 

Capsicum annuum L. produces white flower. Generally the flower opens out at 7:00-9:00 am. Time of 

bursting of anthers (dehiscence) was recorded on randomly selected ten flowers from 7:00 to 9:00 am and it 

was noted that the anther dehiscing via longitudinal slits by lateral sutures.Stigma received the pollen grains 

between 8:00 to 9:00 am (Fig.4). At this time Stigma much receptive and sticky (Fig.3).  Dhall et al., (2011) 

studied the floral biology in chilli (Capsicum annuum L.)  The knowledge of floral biology is a pre-requisite 

for embarking upon a crop breeding and hybridization programme. Laura et al., (2019) have confirmed the 

findings of present author. They found that habanero pepper ( Capsicum chinense Jacq) is self-pollinated plant 

and its flower opens out at 8:00 am were quantified.  Sachin et al., (2022) also reported the floral biology of N. 

plumbaginifolia. According to the observations carried out with respect to the dehiscence of the anthers. The 

dehiscence completely  occurred via, longitudinally. Similar results were reported by  Aleemullah et al.,(2000) 

who worked with Capsicum annuum and observed that the dehiscence of the anthers was lomgitudinal and the 

liberation of the pollen grains initiated one hour after the aperture of flower. 

SEM studies of pollen and pistil: 

SEM studies indicate that pollen grians are rounded in shape. The exine was moderately thickened, dense, 

spiny, short with facted apex (Fig.5). The average size of pollen grains (28µx29µm) was recorded. Pistil shows 

a large paillae on its outer surface of stigma. A considerable amount of pollen grains were aobserved on the 

stigmatic surface. The pollen gains dehisced via., longitudinal slits (Fig.6,7,8).  SEM photomicrographs of T.S. 

and L.S. of ovar shows that ovary is bilocular with numerous ovule. 

Multiple methods should be used to investigating pollen and psitil morphology but recently pollen 

morphology are easily studied using both LM and SEM. It is interesting to note that recent pollen grians also 

more often studied using TEM. For an accurate discription of any taxonomic value, it is important to study 

pollen grains in both LM and SEM. The finding of the present authors is also supported by Vincent and Norris 

(1989). They observed external pollen morphology in Senecio and some related genera in the subtribe 

(Asteraceae: Senecioninae) by using SEM technique. Actually they collected 95 species of the genutribe 

Senecio predominantely from Southern Africa and 11 species from subtribe Senecioninae was investigated 

using SEM. The pollen of all the species studied is spheroidal, uiformily tricolporate and echinate. 
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Pollen viability: 

Pollen viability of C.annuum was tested by using Alexander’s stain and 1%TTC test.  The maximum pollen 

viability (90%) was observed in Alexander’s stian however minimum pollen viability (75%) was observed by 

1% TTC test. Pollen viability is used to differebciate between viable and non-viable pollen grians. In this 

context,  Suluh et al.,(2020) studied the pollen viability of Rubus spp. At Cibodas Botanic Gardens. They 

tested pollen viabiity by in vitro pollen germination and staining method. They found highest pollen viability 

ranged from 59.68% to 98.12% by in vitro pollen germination.  

Kaur et al.,(2011) reported  71% pollen viability in J.curcas  using this technique, observing that viable 

pollen stained purplish pink and non-viable pollen remained unstianed. Similar results showed  by Li et al., 

(2010). They successfully tested pollen viability using FCR  technique, however, our results showed that 

staining with 2,3,5-triphenyltetrazolioum chloride (TTC) and Alexander’s staining technique can easliy 

differenciated between fresh and dead pollen. Zeng-Yu et al., (2004) were unable to disntguish between fresh 

and dead pollen using TTC, MTT, FCR and  aniline blue; in some Prunus (Rosaceae). 

In –vitro pollen germination: 

In-vitro  pollen germination was tested by Brewbaker and Kwack’s medium and different conentration of 

sucrose solution viz., 10%, 20% and 30%. The higest pollen germination (76%) with longest pollen tube 

(250µm) is recorded in Brewbaker and Kwack’s medium however the lowest pollen germination (56%) with 

average pollen tube length (210µm) is recorded in 15% sucrose concentration. The result showed that pollen 

grians remain viable for 12 hour before anthesis and the viability is lost 24 hr after anthesis. Pollen germination 

and pollen tube growth are prerequisite for fertilization and seed development. Similar findings have been 

obtained by Jayaprakash  in 2018. They studied in vitro pollen germination in wheat, rye, brinjal, pigeonpea 

and its wild relatives. Aloka et al .,(2009) investigated in vitro pollen germination, pollen tube growth and 

pollen viability in Trichosanthes dioica Roxb (cucurbitaceae) in 1% sucrose solution. They concluded that 

percentage of pollen gerimination increased with increase in concentration of sucrose. Pollen grains remain 

viable three hr before anthesis. 

Pollination biology 

The present observation on pollination biology clearly indicates that the Capsicum annuum L. is mainly 

self-pollinated plant. However,  a single number of  floral visitor viz., honey bee (Apis cerna indica) visited the 

flower of Capsicum and it is also a  pollinator that increased fruit set as well as seed set percentage compared 

by wind pollination or self polliantion.. Pollination is a sexual reproduction process which result in fruits 

forming and inside fruits there are seeds. Ruijter et al., (1991) also confirmed that pepper (Capsicum annuum) 

is a self-pollinated plant. They done a experiment in green house with honey bees and in green house without 

honey bees. In both experiment honey bee pollination resullted in larger and heavier fruits with more seeds and 
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in less malformed fruits. The use of honey bees for the pollination sweet pepper has become common practice 

in Netherland. Dewirman et al.,(2016) also studied the pollination biology in chili pepper (C.annuum L) by 

two species of stingless bees namely Trigona laeviceps and T. minangkabau. They have been reported that 

Trigona laeviceps and T. minangkabau have shown remarkable effect on fruit and seed set yield. 

Besides species of pollinator, arcitecture of flower like size, reproductive organs, accessibility to nectar, 

and flower structure, could affect interaction between plant and its pollinator. It there is an incomplete factor 

like samll size of flower, thus a big size of insect is not appropriate to be pollinator (Griffin and Sedgley, 

1989). 

Fruit and seed morphology 

             The present onbservation clearly indicates that fruit is a berry and  dark green in colour. The average 

size of fruit is 5cm long and 6cm in diameter. The fruits vary in shape, colour and pungency. The pericarp in 

chilli fruit is leathery or succulent which turns from green to red or orange red. The berry develops from 

bicarpellary superior ovary with axile placentation. The placenta carries numerous seeds. When fruits ripe 

pericarp begins to dry.  Seeds starts developing 15 days after anthesis period. Seeds are compressed orbicular 

and minutely pitted. The average size of seed is ranging from 3 to 4 mm. the weight of 100 seeds is measured 

as 8mg. The fruit- set percentage is 35% recorded in summer season while 55% fruit-set percentage is recorded 

in main season. However, the mean seed-set percentage 78% is recorded in main season pollinated by honey 

bees. Anand et al., (1992) found lower fruit set percent in chilli during summer with the average of 30.3% 

while in the main season it was 40.2 %. The fruit length is one of the important characterstics, which help in 

differentiating the varieties as small, medium and large.  

            Many other researchers have found the same result from pollinating by insect pollinators. Santos et al., 

(2004) confirmed the present findings of author. They reported pollination on tomatoes by Melipona 

quadrifasciata and Apis melifera. Similar result was found by Cruz et al., (2004). According to them, increase 

in number of fruits 13.5%, number of seeds 85.85% and fruit weight 29.69% on sweet pepper because of 

pollination by Milipona subnitida compared to pollinationg by wind. According to Kwon and Saeed (2003), 

there is increase in fruit weight upto 27.29% and number of seeds of 47.8% of Capsicum annuum L. due to 

pollinatong by bees. 

Conclusion  

On the basis of present findings of author it can be concluded that the plant C.annuum is self pollinated and 

produced more no of fruits in main season than summer season. Hence, it is  needed for further phytochemical 

isolation and  characterization of  this important plant. 
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Fully Opened Flower Of Chilli    Flower with Pedicel 

 

 

 

 

Pollen Viability Test By Alexander’s Stain   Pollen Viability Test By 1% TTC 
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SEM Photograph Of Anther     SEM Photograph Of Style 

 

 

 

 

 

 

SEM Photograph Of Pollen Grains    SEM Photograph Of Anther Dehiscence 
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