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Amherstia nobilis Wall.(Fabaceae) is a critically endangered tree species of north-east India. Present investigation was 

undertaken to obtain information on the phenology, pollination and breeding system of A. nobilis growing in 

Thiruvananthapuram district. It flowers between November-April with maximum flowering during February and March. The 

flowers were large, bisexual, odourless, crimson red and arranged in long pendulous racemes. The flowers were highly 

protandrous as anthers dehisced in buds much prior to stigma receptivity. The anthers were versatile and produced large quanity of 

pollen/flower (86759±447.77) showing only 29±5% viability by FDA test and 35% in vitro germination in B&K medium,while 

only 25% germinate on stigmatic surface. Anthers are bithecous, versatile and dehisce longitudinally. Maximum fruit (24.1 plant) 

and seed-set was recorded in open pollinated plants. There were 4±1 ovules/flower and the pollen-ovule ratio was 21689.75:1. 

Production of large number of pollen by versatile anthers and high pollen-ovule ratio indicate anemophilous nature of A. nobilis. 
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India is one of the seventeen mega diverse countries of the herbaceous crops. Trees have been neglected and they have 

world with two of the 34 hotspots worldwide. However, this not received the attention they deserve. This is largely due to 

biowealth is under unprecedented environmental threat. Over several difficulties in conducting researches e.g. their large 

4.66% of the country's biodiversity rich areas have been size, prolonged juvenility, long life cycles, in frequent 

marked for extensive in-situ conservation of habitats through flowering and inaccessible flowers, selection of plus trees, 

protected area network. Serious efforts are also being made to breeding, progeny testing and selection of elites (Tandon et al. 

conserve this wealth under ex-situ programs. For biodiversity 2005). Therefore, the present study was undertaken to 

conservation, understanding of reproductive biology of investigate different aspects of reproductive biology including 

flowering plants is of utmost importance (Moza and pollination biology and seed germination in A. nobilis which 

Bhatnagar 2007).  Because the evolutionary success and will help in its conservation in cultivated form.

survival of plants and angiosperms in particular are largely MATERIALS AND METHODS
determined by their reproductive efficiency. Plants have 

Since A. nobilis is very rare in cultivation only  three evolved a wide range of reproductive strategies to optimize 
individuals of the plants were  available in different gardens their fitness (Lalita et al. 2016).
namely, Botanic garden, Department of Botany, University of Amherstia nobilis Wall. (Fabaceae) a small evergreen 
Kerala, JNTBGRI, Palode and Government Botanic garden tree, endemic to Burma, has been described as the 'loveliest 
and Museum Thiruvananthapuram, Kerala, India (altitude tree in the world'. It was discovered in 1827 by Dr. Wallich in a 
47m, latitude 08˚33.539”N and longitude 076˚53. 113”E). temple on the Salween River and named it after Lady Amherst, 
These plants were monitored from anthesis to fruit wife of a British Governor General. Now the plant is known 
development during a period of three years (November, 2013-only in cultivation, although it is listed as indeterminate in the 
April, 2015).1997 IUCN Red List. According to the ILDIS database, it is a 
Floral morphology—Floral phenoevents, time of anthesis, native of Burma, but has been introduced in India, Java, 
anther dehiscence and the duration of stigma receptivity, were Peninsular Malaysia, Sri Lanka and Thailand (Parish 1965). 
recorded from three trees. Total number of flowers per plant on Amherstia nobilis (Tree of heaven) is the only species of the 
each day and flower longevity were determined by the method genus. It bears beautiful hanging candelabra- like graceful 
after Gill et al. (1998).The details of floral characters such as sprays of red and yellow flowers once in a year.  A. nobilis is 
sex, shape, size, colour, odour, sepals, petals, stamens and widely cultivated for its ornamental value, but is very rare in 
ovary were described. Measurements were taken from ten the wild and has only been collected from its native habitat a 
flowers from 20 inflorescence. Linear measurements of few times. Because of habitat destruction and over-
macroscopic characters were taken. Microscopic characters exploitation, A. nobilis has become endangered.  Studies on 
were analyzed and measured with the aid of stereo microscope reproductive biology have been mostly utilized for 
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(OLYMPUS SZ 61).  The order of wilting or dropping off of growth resulting from both self- and cross-pollinations was 

floral parts was recorded. Observations regarding the position observed using cotton blue technique (Shivanna and 
and spatial relationships of stamens and stigma in mature Rangaswami 1992); for this different pollination treatments 
buds, at the time of anthesis were made. were given. Fruits from the plants under observation were 

Pollen viability was tested from 20 flowers (three anthers counted to estimate the individual fruit- set. Rate of fruit and 
per bud) in all the individuals by fluorochromatic reaction seed –set in each pollination experiments were recorded and 
(FCR) test as discribed by Shivanna and Rangaswamy (1992), seeds were collected for observing seed germination 
in vitro  culture method (Brewbaker and Kwack 1963) and in percentage.
vivo cotton blue method (Heslop-Harrison and Heslop- Flower visitors and pollinators—In the field, insect census 
Harrison1970, Kearns and Inouye 1993). Floral morphology were made. The census was performed throughout the 
data were collected from fresh flowers collected in both male blooming time. Pollinator activity was initially recorded over 
and female phases. Length and diameter of the calyx, corolla, 24 h and then subsequently the observations were recorded 
stamen filament and style were measured with calliper (error: from 05.30h until 21.30h of focal observation.
0.01 mm) on a sample of fresh flowers (days 1 and 2, n= 50) 

RESULTS AND DISCUSSION
from ca. 20 individuals. Pollen-ovule ratio was calculated by 

Floral biology—It flowers during November-April. There counting pollen grains (stained by acetocarmine) from a half 
were 14 ± 3.1 flowers on a long pendulous raceme of the thecae of anthers from ten flowers, and all the ovules 
inflorescence (Fig.1) and the extravagant flowers were seen from ten pistils (Cruden 1977). In both cases one flower was 
hanging downwards from the long inflorescence. The number used per plant, and the observations were made under a 
of inflorescence produced on a tree was 50±5. An individual microscope. Total pollen production per flower was computed 
flower lasts for five days. Flowers were large, bright crimson using a haemocytometer (McKone and Webb 1988 and 
red in colour and pedicellate with 7.5±2.0 cm long pedicels. Kearns and Inouye 1993). The number of pollen grains per 
Each flower was subtended by two laceolate, persistent bracts. anther was calculated (Barret 1985) to check the availability of 
Flowers complete, bisexual, zygomorphic, perigynous, pollen for the pollination. Flower buds were taken prior to 
pentamerous, cyclic, large and odourless.There were four anthesis and preserved in glacial acetic acid. Acetolysis 
smooth, membranous, oblong, petaloidie crimson red sepals. method proposed by Erdtman (1960) was adopted to analyse 
Odd sepal was large and anterior in position while others were the pollen grains. For SEM analysis, acetolysed pollen in 70 % 
small with imbricate aestivation. There were two medium ethanol was mounted on a graphite tape on stubs and sputter 
sized wing petals with yellow tip. Keel petals were coated for 45 s with gold–palladium (JFC-1200, Jeol, Japan) 
rudimentary. There were nine diadelphous stamens of unequal and the photomicrographs were taken by the Scanning 
size and partially fused into a pink sheath. The five stamens  Electron Microscope (JSM-5600LV, Jeol, Japan) at a voltage 
were large with long filaments (Fig. 2) and other four were ranging from 10 to 12 kV.
sessile small without filament, All were fertile, free, bithecous Pollination experiments and breeding system—Hand 
and versatile anthers which dehisced longitudinally. Young pollinations were done using flowers at the time of stigma 
stamens were yellow in colour but on maturity they turn receptivity in 22 flowers, between 14.00 h to 16.30 h. The un-
slightly red.   Ovary unilocular with marginal placentation emasculated flowers (except for checking apomixis) were 
with 4±1 ovules (n=25) (Fig. 3). Stigma capitate, style long bagged before anther dehiscence with muslin cloth bags and 
and ovary was sickle shaped (Fig.4).pollen grains were transferred by bringing the dehisced 
Flowering phenology—Flowers started opening around anthers in contact with the receptive stigma with the help of a 
03:00 h and and were fully open at 03:30 h. The anthers forceps holding the anther filament alone. Self-pollinations 
dehisce by longitudinal slits much prior to opening of floral (n=60) and cross-pollinations (n=75) were performed, and 
buds at 02:00 h. The stigma becomes receptive at 04:00 h. differences on fruit-set between these pollinations were 
Thus, the flowers were highly protandrous.  determined using a Chi-square test. Emasculations in pre-
Pollen biology—The number of pollen/anther and per flower anthesis floral buds were done to test for the presence of 
was 9659.66±124.62 and 86759±447.77 (n=25 flowers) apomixis (n=52) according to the method described by 
respectively. Pollen viability at the time of anther dehiscence 

Chandrasekharan et al. (1960). Open flowers were tagged to 
as tested by FDA test was 29±5% (n = 25 flowers) (Fig.6). In 

test fruit set under natural conditions (n=69). Pollen tube 
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vitro pollen germination in Brewbaker and Kwack's (B&K) 

(1963) medium supplemented with different 5-50% sucrose 

was recorded (Table 1). There was no pollen germination in 

B&K medium supplemented  with 5% sucrose. However, 

with the increase in the sucrose concentration, germination 

percentage and pollen tube length increased and maximum 

pollen germination (35%) and longest pollen tubes (2525.92 

±75.30µm) were observed in B&K medium supplemented 

with 30% sugar (Fig.5). With further increase in the quantity 

of sucrose in the B&K medium both germination percentage 

and pollen tube length decreased and there was germination in 

B&K media supplemented with 45% and 50% sugar (Table1). 

The pollen grains were trizonocolporate (Figs. 8, 9) with 

striate ornamentation (Erdtman 1966, Punt et al. 1999). 

Pollination and breeding system—In vivo germination Fruits were the leguminous flat pods, truncate, sub woody 
study revealed that in open-pollinated flowers, only 25% and dehiscent, 13± 2.5 cm long and 3.5±1.0 cm width with 3±1 
pollen grains germinate on the stigmatic surface. A limited seeds/fruit (Fig.10). The young fruits were green in colour, turn 
number of pollen tubes were observed in the stylar region and red, and  yellow and finally within 6-12 days, the mature fruits 
large number of them showed curling (Fig.7). The pollen tubes turned maroon or dark brown. Fruits remained attached on tree 
were observed at the end of style 24 h after pollination. There for 2-3 weeks. Seeds were round, oblong and compressed and 
were 4±1 ovules/flower (n = 16). The pollen-ovule ration was non endospermic (Fig.11 ). The seeds failed to germination and 
21689.75:1. The fruit set in open pollination plants was only formation of aborted seeds seems to be due poor pollen 
24.1/plant (n=25). Only 7% fruit set in the unemasculated viability and in vivo pollen germination. Seedlings were not 
bagged flowers indicate its self-compatible, non-apomictic observed beneath the tree and plants are raiseed  by vegetative 
nature. Ants are the main floral visitor of the plant. Nectar was means (Fig.12). 
absent. Aphids and Scymnus spp. were also observed visiting 
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Table 1– Pollen germination in Brewbacker and Kwack (B&K) medium 
supplemented with different concentrations of sucrose.

S.No.   Concentration of Germination Pollen tube 
sucrose (%) in  (%) length (μm)
B&K medium

1. 5   Nil

2. 10 02 97.33 ± 38.79

3. 15 07 980.05 ± 1.79

4. 20 10 1809.57 ± 99.09

5. 25 20 2012.15 ± 84.35

6. 30 35 2525.92 ± 75.30

7. 35 18 488.39 ± 0.55

8. 40 10 51.43 ± 0.50
Figs.1-12—Amherstia nobilis.1.Inflorescence, 2.Andocerum, 9. 45 5 –
3.Gynoecium, 4.L.S. part of ovary and hairy style, 5.In vitro pollen 

10. 50 4 – germination, 6.Pollen stained with FDA, 7. In vivo pollen germination, 8  
and 9. SEM photographs of pollen, 10.Fruit, 11.Seed and  12 .Plant ± Standard deviation
raised by layering.
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