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Abstract 

The orchids have contributed immensely to the international trade in floriculture due to their beautiful lustrous foliage and 
long lasting flowers of myriads shapes, sizes and colors. Though, the orchids represent one of the largest families of the 

flowering plants as state above, but orchid based floriculture has revolved around not more than 100 species in 10-12 genera. 

Presently, morphological and physiological changed have been documented in pollinated and un-pollinated flowers. The 

potential inhibitors namely TIBA (inhibitor of Auxins) and silver nitrate (Ethylene inhibitor) have also been used to enhance 

shelf life by delaying senescence related events. First visible change after pollination was observed in lip colour followed by 

wilting and swelling of ovary; start from 24 hrs following pollination. Shelf life of the flowers have been enhanced by 10-12 

days using inhibitors of auxin and ethylene and ethylene found to be more pronounced effect in delaying senescence to 

enhance shelf life in taxa under investigations. 
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Introduction 

Orchids, known for their myriad of shapes, colors and size 
embody an order of aristocracy among the flowering plants. 

These extraordinary plants with a spectrum of floral 

characteristics and intricate pollination mechanisms 

represent a fairly young (geologically), highly diverse and 

successful family, Orchidaceae, which is perhaps the largest 

family of angiosperms with an estimated 28,000 species [1, 2, 

3]. The orchids have out-maneuvered their counterparts by 

evolving ingenuity and higher levels of specialization in 

both the vegetative and reproductive traits. Orchids still are 

continue to be in an evolutionary flux due to (i) poorly 

developed barriers of reproductive isolation, which promote 
free gene flow across the taxonomic limits and (ii) high 

survival frequency of neotypes. Nearly 1, 00, 000 natural 

and manmade hybrids, at levels from interspecific to 

pleurigeneric have so far been listed [4] and many more are 

in the offing. 

The orchids have contributed immensely to the international 

trade in floriculture due to their beautiful lustrous foliage 

and long lasting flowers of myriads shapes, sizes and colors. 

Though, the orchids represent one of the largest families of 

the flowering plants as state above, but orchid based 

floriculture has revolved around not more than 100 species 

in 10-12 genera. It has been observed that the un-pollinated 
flowers remain fresh for longer time but senesced 

immediate after pollination, thus decreasing commercial 

value. Moreover, the changed following pollination are not 

been studies in details previously. The present study was 

aimed at to probing visual and physiological changes 

following pollinated and un-pollinated flowers of four 

orchid species varying in life span (Figure 1A-D, Table 1). 

The potential inhibitors of Auxins and Ethylene have also 

been used so as to enhance shelf life by delaying senescence 

related events. To identify some common markers of floral 

senescence, if any, amongst different orchid species.  
 

2. Material and Methods 

The orchids under investigation i.e. Cymbidium pendulum 
and C. aloifolium from North Eastern areas (mainly Sikkim) 

whereas Rhynchostylis retusa and Aerides multiflorum from 

Kangra and Palampur (H.P.) were brought from their natural 

habitat (Figure 1A-D) and maintained in the Orchid House, 

Department of Botany, Panjab University, Chandigarh. The 

orchid classification as of 1993 [5] has been followed. The 

flowers were hand pollinated at anthesis. The treatment of 

TIBA and silver nitrate have also been spray after 

pollination. The visual changes in the flowers were noted 

down after periodic interval of time. The flowers were 

harvested at two stages of pollination for physiological 
studies and processed as below: 

 

 
 

Fig 1: Flowers of taxa under study; (A) Cymbidium pendulum 
(Roxb.) Sw; (B) Cymbidium aloifolium (L.) Sw.; (C) 

Rhynchostylus retusa (L.) Bl; (D) Aerides multiflora Roxb. 
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3. Results and Discussion 

The various morphological, physiological events occurring 

in flowers following pollination in all the chosen orchid 

species having contrasting floral longevity have been 

observed and were compared with flowers experiencing 

natural senescence without pollination. Additionally, the 

pollinated-flowers treated with inhibitors of auxin [2,3,5-

triiodobenzoic acid (TIBA), an auxin polar transport 
inhibitor] and ethylene (silver nitrate), two key molecules 

universally implicated in regulation of senescence were also 

assessed for their senescence related changes to examine the 

involvement of these hormones in regulating the process. 

We investigated 4 orchid species for this purpose, which 

differed in their floral longevity as shown (Table 1). 

 
Table 1: Details of floral senescence in pollinated and un-

pollinated flowers 
 

Species Floral Senescence 

 Un-pollinated Pollinated 

Aerides multiflorum 17 days 7 days 

Cymbidium aloifolium 18 7 days 

Cymbidium pendulum 20 days 8 days 

Rhynchostylis retusa 24 days 5 days 

 

The findings, in general, revealed that un-pollinated flowers 

of Cymbidium pendulum, C. aloifolium and Aerides 

multiflorum took about 20, 18 and 17 days to show 

senescence while Rhynchostylis retusa showed senescence 

in 24 days. In contrast, the pollinated flowers attained 

senescence in 8 days after pollination (DAP) in C. 

pendulum, 7 DAP in C. aloifolium and A. multiflorum and 5 

DAP in R. retusa suggesting a rapid progression of 

senescence related events triggered by pollination (Table 1). 

These observations are in agreement with some of the 
earlier ones observed in other orchid species e.g. flowers of 

Phalaenopsis and Cymbidium species were found to live up 

to 8 weeks, if un-pollinated but died within 7 days after 

pollination. Likewise, Paphiopedilum blossoms lasted for 3 

months in unpollinated state buts senesced within 3 weeks 

after pollination [6-11].  

The first detectable symptom after pollination was alteration 

in colour of the lip that became darker in all the species, 

which occurred due to elevation of anthocyanins that 

continue to increase till the perianth wilted and shrunk to its 

minimum size (Figure 2A-I). The change in lip colour 
happened almost at the same time (i.e. 1 DAP) in all the 

four taxa. These observations are in line with some previous 

ones [12-17], which reported pigmentation changes, especially 

increased anthocyanin levels in the perianth of Cymbidium 

species. In some cases, anthocyanin production and 

disappearance have been reported [16] while in some others 

disappearance may follow production [14]. 

 

   
A  B  C 
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Fig 2: Morphological changes following pollination (A) Lip color Change and perianth wilting (stage-1) in C. Pendulum; (B) 

Perianth crumpled (stage-II) in C. Pendulum; (C) ovary size increase in C. Pendulum; (D) Lip colour change and perianth 
wilting in C. aloifolium; (E) Increase of Ovary size in C. aloifolium; (F) Peraith wilting in R. retusa; (F) Crumpled Perianth 

and ovary increase in R. retusa; (H) Perianth wilting in A. multiflora; (I) Crumpled perianth and increases Ovary diameter in A. 

multiflora. 

 

These changes in pigments are suggested to act presumably 

as a signal to the pollinators indicating that the flower has 

been visited or pollinated. The underlying specific events 

affecting floral pigmentation changes are less understood 

although change in colour has been associated with 

carotenoid or anthocyanin biosynthesis [18], anthocyanin 

degradation [19]. Since, we observed distinctive variation in 

amount of anthocyanins and carotenoids levels at different 
stages after pollination, diverse biochemical mechanisms 

appear to be operative in different flowers that require to be 

explored in detail. It has been suggested that pollination-

regulated colour changes evolved independently in 

angiosperms many different times [20], suggesting that the 

underlying biochemical mechanisms are likely to differ in 

taxa. The perianth of flowers in all the species showed 

wilting following pollination that was one of the quickest 

symptom observed in pollinated flowers (Figure 2A-I. In 

Phalaenopsis cv. ‘Herbet Hager’ flowers having longevity 

of 2-3 weeks showed rapid acceleration of the wilting 
process, beginning after only 24 hours of pollination [21]. 

Wilting of the flowers was accompanied by a loss of water 

from cells of the upper layer of the petals, leading to their 

upward folding. The findings are in contrast to earlier author 
[22], who found that pollination did not alter petal and sepal 

anthocyanin content and fresh as well as dry weight of 

petals and sepals. But, the fresh and dry weight of stigmas 

(columns) together with pedicels increased significantly 

after pollination. Ovary growth of pollinated orchid flowers 

with petals and sepals intact was greater than that of 

pollinated orchid flowers without petals and sepals.  

 

3.1. Inter-Organ Relationship 

Earlier reports on pollination-induced flower senescence 

indicate that landing of compatible pollen on the stigma 

surface triggers the cascade of events leading to senescence 
[21]. The process is accelerated tremendously with 

pollination suggesting the involvement of some pollen-

released or triggered signal(s) that traverses across the 

stigma-style, ovary, lip and petals inducing several 

alterations including senescence. In the present study, we 

examined the effects of pollination on some visual 

observations. A change in colour of the lip was the first sign 
of pollination that occurred in 24 hours in all the species 

(Table 1). Simultaneously, the column size began to 

increase within 24 hours accompanied by increase in 

diameter of the ovary. 

These events occurred even before the onset of pollen 

germination suggesting some signal was released from the 

pollen. It has been reported earlier that the initial perception 

of the pollination event is accompanied by as rapid increase 

in ethylene production by the stigma and style within hours 

after pollination [23, 24]. In each case, the production of 
pollen-associated ethylene precedes germination of the 

pollen tube, suggesting that physical growth of the pollen 

tube cannot be the primary signal responsible for induction 

of ethylene biosynthesis [25]. Mock-pollination of orchid 

flowers with latex beads to the stigma and transmitting tract 

failed to trigger ethylene production or any other pollination 

responses, which indicates that physical contact is not a 

sufficient signal to induce any component of the post 

pollination syndrome [26]. Considerable attention has been 

paid to the identification of pollen-borne chemical 

molecule(s) that are released immediately after pollination. 
Thus, the potential primary pollen signals include 1-

amiocyclopropane carboxylic acid (ACC), auxin, proteins, 

lipids, pectic oligosaccharides, flavonoids, and methyl 

jasmonate, all of which have been detected in pollen and 

some of which are known inducers of ethylene biosynthesis, 

making them attractive candidates for the primary pollen 

signal molecule[27, 28]. Several studies indicate that auxins 

initiate the post pollination developmental events in orchids 

[12, 15, 29]. The change in column and ovary size observed in 

our studies has also been associated with pollination- 

stimulated auxin release. The role of pollination as a 

primary event in ovary and fruit development has been 
established in orchids [26]. Previous studies on post 

pollination development in orchids identified changes in 

curvature of the ovary to be one of the earliest post 

pollination events [30]. This change in curvature was more 

recently shown to be accompanied by the formation of hair 

cells and cell divisions in the placental ridge that eventually 

participate in expanding of the placental cavity [26]. It was 

revealed that pollen germination commenced within 24-48 

hours after pollination that coincided with change in lip 

colour that eventually showed fading [7-11]. Presently, Lip 

colour started fading in 2 days in Cymbidium sp. and 4-5 
days in Rhynchostylis sp. We examined the pollination 

effects on floral senescence at two stages-first stage  
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corresponds with initiation of perianth wilting, which 

occurred at 4-5 days after pollination (DAP) in Cymbidium 

pendulum, after 4-5 DAP in Cymbidium aloifolium, 3-4 

DAP in Aerides multiflorum and 2-3 DAP in case of 

Rhynchostylis retusa while second stage corresponds with 

complete wilting of perianth, which occurred at 6-7 DAP in 

Cymbidium pendulum, after 5-6 DAP in Cymbidium 

aloifolium, 5-6 DAP in Aerides multiflorum and 3-4 DAP in 
case of Rhynchostylis retusa. At second stage, the perianth 

had begun to show signs of shrinking. Based upon the 

parameters examined in various organs viz. column, ovary, 

lip and perianth in all the species, progressive increase in 

damage to the floral organs was apparent but varied among 

different organs.  

Additionally, application of these inhibitors to pollinated 

flowers partially suppressed the pollination-induced 

changes. Silver nitrate had more pronounced effect than 

TIBA indicating greater involvement of ethylene in 

mediating pollination caused effects as compared to auxins. 
Ethylene has been strongly implicated as a potential 

transmissible secondary signal to other floral parts distal 

from the stigma that could act to promote a number of post 

pollination events including perianth senescence. It could be 

because of larger involvement of ethylene in governing the 

flower senescence that its inhibitor in our studies proved to 

be more effectual than auxins inhibitor.  

Among the species, Cymbidium aloifolium increased its 

floral life to about 11 days in silver nitrate treated flowers 

from about 7 days in case of pollinated but untreated 

flowers. Cymbidium pendulum showed increase up to 10 
days while Aerides multiflorum and Rhynchostylis retusa 

increased the floral, life to 8 and 9 days, respectively with 

silver nitrate application compared to 7 and 5 days in 

untreated pollinated flowers. These variations also reflect 

differential metabolism associated with senescence in these 

plant species. Sensitivity to ethylene or any other molecule 

inducing senescence might be one of the reasons associated 

with variation in senescence time [30, 31].  

 

4. Conclusion 

Based upon the parameters examined in various organs viz. 

column, ovary, lip and perianth in all the species, 
progressive increase in damage to the floral organs was 

apparent but varied among different organs. These changes 

in pigments are suggested to act presumably as a signal to 

the pollinators indicating that the flower has been visited or 

pollinated 

Ethylene has been strongly implicated as a potential 

transmissible secondary signal to other floral parts distal 

from the stigma that could act to promote a number of post 

pollination events including perianth senescence. It could be 

because of larger involvement of ethylene in governing the 

flower senescence that its inhibitor in our studies proved to 
be more effectual than auxins inhibitor. Conclusively, Silver 

nitrate application was more effective than TIBA suggesting 

greater participation of ethylene. These variations also 

reflect differential metabolism associated with senescence in 

these plant species.   
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