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Abstract: Allium stracheyi Baker, an important species used for seasoning dishes, is endemic to Himalaya. The identified
germplasm of this species from Pir-Panjal comprised fifteen populations growing between 2224-3080 masl. The plants of
this bear tunicated bulbs, flat leaves and a single long scape bearing umbel inflorescence having trimerous flowers. In just
opened flowers, anthers appear at two levels with respect to stigma, with maximum flowers having 3 long and 3 short
filaments and minor ones having long and short filaments in proportion of 4:2, 2:4, 1:3median:2. Another interesting
condition revealed by this species is distylous, with some flowers having long style and others having short style at the same
stage of development. The studied plants differ slightly in flower colour, with more plants of higher reaches bearing
inflorescences having light-pink flowers, with plants of lower altitudes bearing outnumbering inflorescence with pale-yellow
flowers. The studied A. stracheyi plants of varying altitudes also show variation in the duration of different phenological
events. The plants of higher reaches (2600-3100 m) emerge in April ending and depict vegetative growth till July, flower
from 1% to 3" week of August, develop fruits from mid-August to mid-September, show senescence in October and
dormancy till April. In the plants of lower altitudes (2300-2500 m), these events get delayed by nearly two weeks. Higher
variability existing in phenological behaviour and floral traits in A. stracheyi seems to be the outcome of heterogeneity

prevalent with regard to altitude, topography and associated climatic conditions.
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INTRODUCTION

llium stracheyi Baker (Amaryllidaceae), the

species having distinct aroma due to its sulphur-
rich compounds, is endemic to Himalaya (Dhar and
Kachroo, 1983; Pandey et al., 2008, 2021). Known to
inhabit high altitudinal regions (2000-4000 masl) of
India, Bhutan, Burma, Nepal and Pakistan (Nasir,
1975; Hooker, 1978; Shah, 2014; Tiwari et al.,
2014), in our country it has been reported from few
pockets of Jammu and Kashmir (Gohil and Koul,
1973), West Bengal (Sharma and Aiyangar, 1961;
Sen, 1974) and nearly 28 sites of Uttarakhand and
Himachal Pradesh (Verma et al., 2008; Pandey et al.,
2021; Semwal et al., 2021; Kumar et al., 2024).
A. stracheyi has high culinary value, with its fresh
and blanched leaves along with inflorescences being
used as spice (Tiwari et al., 2014). These are rich in
proteins, carbohydrates, phosphorous, vitamins C
and E, and contain anti-inflammatory and analgesic
components (Ranjan et al., 2010; Maikhuri et al.,
2017). The indigenous people use leaf decoctions as
stimulant, appetizer, carminative, expectorant and to
cure digestive problems (Tiwari et al., 2014; Kumar
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et al., 2015; Agnihotri et al., 2020; Chandrasekaran
et al., 2020). Going by these benefits, this species has
high market value in India as dried A. stracheyi
leaves from Uttarakhand are available on online
platform for 245 INR/20g. This species, however,
has been mentioned as vulnerable in the Red Data
Book (Ved et al., 2003).

While locating germplasm of this species from Pir-
Panjal, we came across fifteen populations growing
between 2224-3080 masl which were prolific flower
producers. Literature survey (Nasir, 1975; Hooker,
1978; Pandey et al., 2021) depicted this species
bearing rosy-pink to pale-yellow flowers. Previously
our group found such variation in flower colour in
Allium roylei (Sharma and Gohil, 2002) as its wild
plants of higher reaches (1400 masl) bear light-pink
flowers and those translocated to plains (351 masl)
form dirty-white flowers, with Kohli (2013)
reporting inflorescences with/without bulbils. This
interesting observation instigated us to study floral
biology of A. stracheyi, detect floral variability, if
present and find any association between variable
forms and elevation.
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Recording timing of onset and duration of various
phenological events of populations inhabiting
different geographical locations is an important
aspect that can aid in identifying the elevation-wise
specific period during which plants produce more
herbage and flowers, the products of economic use
(Mir et al., 2020). Therefore, studies on this aspect
were also conducted.

MATERIALS AND METHODS

Distribution
The 15 populations of A. stracheyi located in 2021

from varying elevations (2224-3080m) of Pir-Panjal
range of Jammu Himalayas belonged to Padri
(3080m, 32.917°N, 75.810°E), Kondlu (2804m,
32.900°N, 75.818°E), Ganja-goth (2670m, 32.895°N,
75.810°E), Dalan (2494m, 32.932°N, 75.810°E),
Khani-top (2427m, 32.938°N, 75.773°E), Thanala
(2277m, 32.932°N, 75.785°E), Tiba (2781m,
33.005°N, 75.770°E), Dari (2764m, 33.006°N,
75.775°E), Dhaeri (2420m, 33.001°N, 75.776°E),
Kansar (2496m, 32.965°N, 76.764°E), Sharakhi
(2390m, 32.944°N, 75.788°E), Bharai (2233m,
32.997°N, 76.005°E), Ligri (2785m, 33.301°N,
76.161°E), Kedna-nallah  (2396m, 33.203°N,
75.538°E) and Shiryari-top (2224m, 33.068°N,
76.009°E). For these sites, approximate area of
occurrence of this species was determined alongwith
number of plants growing there.

Floral biology and diversity analysis:
The plants of representative population were

analysed for onset and sequence of different floral

events such as sequence of emergence of floral buds,
onset and duration of flower opening and fruit
development and maturation followed by seed
dispersal. During this analysis, tagged populations
were also screened for floral variability.
Phenological studies

Various phenological events such as plant
emergence, vegetative growth, flowering, fruit
development and senescence have been recorded by
visual inspection by frequently visiting the study
sites during four seasons namely, winter (December-
February), spring (March-May), summer (June-
August) and autumn (September-November).

RESULTS AND DISCUSSION

Distribution detail
Presently, 15 populations from high temperate and

subalpine areas of Pir-Panjal falling in Doda and
Kishtwar districts were identified (Table 1). While
from Doda, 13 populations were located, with six
each from Padri valley and Bhaderwah forest block
and one from Bhalessa. In Kishtwar district, one
population each was spotted from Padder valley and
Kuchal Chattroo belt. At these sites, A. stracheyi
plants largely inhabited crevices of rocks in open
meadows (Fig. 1A), sloppy grasslands (Fig. 1B) and
those near streams and beneath pine trees.

Since at the studied sites Keer plants showed patchy
distribution, we estimated the area within which
present plants were found, though in patches in 2021.
This data along with approximate number of plants
seen there were counted and enlisted in Table 1.

Table 1. Habitat details and number of plants inhabiting study sites of Allium stracheyi

District  |Locations Population Alt.  |Habitat Occurrence |Approx. no.|Inflores-
(Identity) (masl) area of plants  |cences
(km?) scanned for
flower
colour
Padri valley |Padri (Pdr) 3080 |Rocky areas of meadows 1 80 35
Doda and adjacent (Kondlu (Kdl) |{2804 |Rocky areas of meadows 0.5 56 38
sites Ganja-goth 2670 |Undergrowth in Pine forests |0.5 15 15
(Ggt)
Dalan (DIn) 2494 |Sloppy grasslands 0.5 5 5
Khani-top (Ktp) |2427 |Undergrowth in Pine forests  |1-2 57 41
Thanala(Thn) {2277 |Open sloppy grasslands 0.5 52 34
Villages Tiba (Tib) 2781 |Rockyareasof open grasslands |0.5 10 10
falling in Dari (Dar) 2764 |Undergrowth in Pine forests  |0.5 30 24
forest block |Dhaeri (Dhr) {2420 |Undergrowth in Pine forests 0.5 18 18
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of Kansar (Kns)  |2496 |Rocky crevices of grassland ~ |1-2 68 37
Bhaderwah |Sharakhi (Sha) |2390 |Rocky crevices of grasslands  |1-2 45 36
Bharai (Bhr) 2233 |Rocky crevices of sloppy open |0.5 69 33
grasslands

Bhalessa Shiryari-top 2224 |Open sloppy grasslands 1-2 57 30
valley (Sht)

Kishtwar |Paddar Ligri (Lgr) 2785 |Rocks aside stream 0.5 60 48
Valley
Kuchal- Kedna-nallah  |2396 |Rocks in grassland near stream |0.5-1 60 49
Chatroo belt |(Kdn)

As evident from table 1, the patches of A. stracheyi
plants in Khani-top, Kansar, Sharakhi, Shiryari-top
covered nearly 1 to 2 km?area whereas the remaining
populations were found spread between 0.5 to 0.9
km? At most of these locations, nearly 45 to 80
individuals were spotted whereas at Tiba, Dari and
Dhaeri, 10-18 plants and at Dalan only 5 plants were
seen. It is pertinent to mention here that at Dalan and
Tiba, not a single plant could be seen during
subsequent visits.

Floral biology
The studied perennial plants of A. stracheyi above

ground bear flat glaborous leaves (Fig. 1C) and
underground differentiate tunicated bulbs having a
distinct rhizome (Fig. 1D). With the onset of
flowering season, a single long scape emerges which
supports young inflorescences. After some time,

spathe of young inflorescence ruptures followed by
exposure of floral buds. Then the flowers start
opening sequentially in morning and evening hours.
Expansion of flower is followed by unfolding of one
tepal and marginal opening of bud. Nearly after 2
hours, one stamen emanates (Fig 1E) followed by
other two (Fig. 1F). After some time, floral bud is
fully expanded and all the six stamens are visible.
Subsequentially, filaments start elongating, first three
in a sequence in a short period of time. In just open
flowers, anthers appear at different levels with
respect to stigma (Table 2). In a sample of 20
flowers, those with 3 long+3 short filaments (Fig.
1G) were preponderant followed by the flowers
having 4 long+2 short (Fig. 1H), 2 long+4 short (Fig.
11) and 1 long+3 medium+2 short filaments (Fig. 1J).

Table 2. Different patterns of appearance of anthers with respect to stigma in A. stracheyi

Stage Appearance of anthers with respect to stigma

Long+Short filaments 3Long+3Short | 4Long+2Short 2Long+4Short | 1Long+3Medium+2Short
Percentage of flowers 70 15 10 5

Flower no./ Total 14/20 3/20 2/20 1/20

Fig. 1G 1H 11 1]

At these stages, style is short nearly at the level of
anthers of short filaments. As soon as, filaments
attain maximum length, three were seen dehisced and
three undehisced (Fig. 1K), followed by dehiscence
of the remaining three. The flowers having six long
stamens showed distylous condition (Figs. 1L, M).
That is flowers having short (4mm) and long styles
(8mm) were found at the same stage of development.

Allium roylei is another species whose trimerous
flowers bear three long and three short stamens
(Kohli, 2013) though it depicts tristylous condition.
The complete opening of flower takes about 20-24
hrs and its longevity remains for 4-5 days. Nearly
after 7 days, tepals wither and ovaries start swelling.
Within next 10 days, fruit get matured followed by
seed dispersal.
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Figure 1. Plants of A. stracheyi growing in (A) open meadows; (B) sloppy grasslands; (C) leaves; (D) bulb; (E-
F) buds showing flower opening sequence; Flowers with variable stamens length (G) 3 long plus 3 short; (H) 4
long and 2 small; (1) 2 long and 4 small and (J) llong plus 3 intermediate and 2 short; (L) 6 long filaments
bearing 3 dehisced and 3 undehisced anthers; (L) flowers with long and (M) short style. Inflorescences bearing
(N) pale-yellow; (O) light pink and (P) pale-yellow plus light pink flowers

Floral variability pink flowers, those of remaining populations
Current studies revealed that the flower colour of A. growing at (Pdr, Kdl, Lgr, Sha, Tib, Kdn, Ggt, Dar,
stracheyi plants slightly vary at different elevations Ktp) higher altitudes (2400-3000 m) contain more
(Fig. 2). While flowers of 5 populations (Dha, DIn, plants with light pink-flowers except Ganja-goth
Kns, Thn and Bhr) of lower elevations (2200-2400 (Figs. IN-P).

m) are pale-yellow barring Shiryar-top having more
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Figure 2. Graph showing plants (%) with pale-yellow, light pink and both pale-yellow and light-pink flowers

Earlier, Nasir (1975) and Pandey et al., (2021)
documented pink to pale-yellow flowers of A.
stracheyi, but without mentioning occurrence of
specific flower type at distinct elevation range. We
(Sharma and Gohil, 2002) also found in Allium
roylei, plants bearing light-pink flowers at higher
elevations (1800m) and dirty-white in plains (351m).
Higher variability witnessed in floral traits in A.
stracheyi seems to be the outcome of heterogeneity
with regards to altitude, topography, temperature,
relative humidity, ecology and soil conditions.
Phenological characteristics

Recording of phenological events such as initiation
and duration of flowering, fruiting and senescence in

Lalmuanpuii et al., 2020). Duration of different
biological events and timing of onset varied in plants
of high temperate and sub-alpine zones (Fig. 3). The
perennial plants of higher reaches (2600-3100 m)
show vegetative growth from April ending to July.
They flower from 1% to 3" week of August, develop
fruits from mid-August to mid-September. show
senescence in October and dormancy till April,
followed by emergence of juvenile plants in April. In
the plants of lower altitudes (2300-2500 m), these
events get delayed by nearly two weeks. Occurrence
of Allium plants at different habitats of varying
elevations with some differences in the duration of
phenological events is indicative of their high

medicinal herbs which are valued primarily for adaptability to wvarying climatic conditions
foliage, provides an idea about suitability of specific (Duchoslav, 2009).
season for its harvesting (Mir et al., 2020,
Population ~ Months
Jan  Feb  Mar Apr  May June  July Aug Sep Oct  Nov Dec
Padri HHHHHHEHHHHE
(3080 m)
00000OO0O0O0OOOOOOOO
0000000000O0O0O0OOOOOOO
Thanala HHHHHHEHHHEE
(2277 m)
0000000000000
00000000000000OOOOOOOOO
Figure 3. Phenological events of emergence and vegetative growth (###), flowering ( ), fruiting (717777)

and senescence (O0OO) in A. stracheyi plants found at 2277 and 3080 m

As such, current studies are indicative of significant
effect of altitude and associated climatic conditions

on floral traits and phenological behaviour of A.
stracheyi.
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