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Abstract
The phenological behaviour of Ferula jaeschkeana Vatke, being unclear, was 
investigated for the first time with a conservation perspective. The present study 
revealed that at lower altitudes the plants enter into vegetative and reproductive 
phases comparatively earlier than the plants growing at higher altitudes. The 
plants overwinter in the form of underground root tubers which remain dormant 
throughout the chilling winter months. The plants sprout at the return of the 
favorable season in the 2nd week of March in natural populations and the process 
of sprouting lasts over a period of nearly 14-25 days. After 2-3 weeks of active 
vegetative period, the reproductive phase initiates with the production of floral 
buds. A decreasing trend was observed in the phenological variables along the 
altitude. The flowering phenology indices showed an increasing trend along the 
altitude. The value of flowering phenology index of Mahoro (Ri) was highest 
(13.07 ± 1.0) in Gulmarg population and was found to be least (6.39 ± 0.53) in the 
transplanted population. The overall flowering synchrony (Z) peaked at 0.65 ± 0.04 
in the transplanted population and was found to be highest 0.84 ± 0.12 in Gulmarg 
population. The value of flowering synchrony index of Marquis (S) peaked at 9.46 
± 0.44 in Gulmarg population and was minimum in transplanted population (4.40 
± 0.60). Our regression analysis showed a significant correlation and predicts that 
number of umbels per branch has a positive effect on the umbellules per umbel 
and flowers per umbellule in this plant species.
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Introduction
The life history pattern of a plant is revealed by the phenological 
studies [1]. Plant phenologies are the result of interactions 
among biotic, abiotic and phylogenetic factors which determine 
the most effective timing for growth and reproduction [2]. 
Various authors have reported that environmental factors 
affect initiation and duration of different phenological events 
like initiation of, synchronization and length of flowering and 
variation of flowering abundance [3,4].

In order to understand the reproductive ecology of plant species, 
knowledge of flowering phenology is crucial [5,6]. Since the 
schedule of flowering, reproductive expenditures and the timing 
of reproduction across time can strongly influence individual 

fitness so flowering phenology is a vital life history trait [7,8]. 
Moreover, the cycles of leaf fall and leaf flush are associated 
with processes such as growth, gas exchange and plant water 
status, so the phenology of vegetative stages is also essential 
[9]. Varying factors like temperature variation, water availability, 
seasonality and photoperiod results in the difference in flowering 
phenology recorded during different years [3]. With increasing 
altitude exposure to lower temperatures, short growing seasons, 
compressed flowering phenology, and restricted distributions 
are commonly witnessed in alpine environments [10]. At high 
altitudes and high latitudes in the cold climates, plants adjust 
their vegetative growth and reproductive development to low 
temperatures and a short growing season [11,12]. 

Assessment of phenological behaviour of any wild plant 
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species that is being targeted for cultivation is an essential 
step. Phenophases of species provides information about 
morphological and functional attributes that are helpful to 
understand adaptation features [13,14] and is also useful in 
developing standardized agro-techniques for the selected 
species [13]. Phenological studies prove useful in developing 
management and conservation plans for valuable plant species 
[15-19]. The dearth of basic biological data has been found to 
be involved in the failure of numerous species recovery plans 
[20,21]. 

Ferula L. is the third largest genus of family Apiaceae consisting 
of 180-185 species [22]. Ferula jaeschkeana Vatke locally known 
as “Yang or Krandel” is an herbaceous perennial plant growing 
1-2.5 m tall with reddish brown stems [23]. The species grows 
from plains to sub-alpine regions of Kashmir valley in disjunct 
populations on dry sunny slopes because of its susceptibility to 
cattle grazing, local usage, and other anthropogenic activities. 
Ferula jaeschkeana, being a vulnerable species [24-28], needs 
immediate conservation and protection. Owing to its immense 
medicinal and traditional importance and very little information 
available on its phenological behavior, the present study has been 
under taken with a conservation prospective for the first time. 
The present study aimed to understand the adaptation features 
of the species and to develop management and conservation 
plan for sustainable use of wild populations. 

Materials and Methods 
Four naturally growing populations (Dachigam, Drang, Betab 
valley - Pahalgam and Gulmarg) and one transplanted population 
at KUBG (Kashmir University Botanical Garden) were selected 
for the present study. Randomly selected plants (fifteen 
plants at each study site) tagged in different populations were 
used to record the onset, duration, and completion of various 
phenological events. Various phenophases were recorded by 
continuous monitoring of these tagged plants throughout the 
growing season of the year. In all the selected populations, studies 
on the onset, duration, and completion of various phenological 
events viz. vegetative phase, sexual phase and senescence of 
aerial shoot were carried out. 

Phenological events were calculated in each tagged plant 
by means of several variables like onset (date first flower 
opened), end date (date last flower opened), moment, duration, 
intensity, mean flowering amplitude and synchrony. Moment 
was estimated as the days elapsed between the initiation of 
flowering in the population and the day of maximum flower 
count [29]. Duration was estimated as the days elapsed between 
the appearance of the first and the last flower [29]. Intensity was 
estimated as the maximum number of flowers on a census day 
[30]. Mean flowering amplitude was calculated as the number of 
flowers produced per unit time [31]. Synchrony was calculated by 
means of several indices like:

Flowering phenology index of Mahoro (Ri) 
This index was used to measure the rank order of flowering for 
individual plants within a population [32] as

p

i i, j
j 1

R r
=

=∑

where i are individuals, j is time from anthesis to peak of 
flowering p, and r is the rank of each individual according to xi, 
j (the ratio of flowers that had already open in the individual by 
the jth census day to the total number of flowers opening in 
the individual during the season). A smaller value of R indicates 
earlier blooming.

Flowering synchrony index of Augspurger (Xi) 
It was used to measure the extent of overlapping in the flowering 
periods among pairs of individuals in a population [33] as

n
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Where ej is the number of weeks individual i and j overlapped in 
their flowering; fi is the total number of week’s individual i was in 
flower, and n is the number of individuals in the sample. X varies 
from 0 (no overlap with any other individuals i.e., total lack of 
synchrony) to 1 (plant flowering overlaps with that of all other 
individuals i.e., perfect synchrony). The overall synchrony of the 
population (Z) is the average synchrony of individual plants.

Flowering synchrony index of Marquis (S) 
This index was used to estimate the flowering synchrony among 
individuals of a given species [34] as

n
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where xt is the number of flowers that flowered during time 

t, t
n

tt 0

X
X

=∑  is the proportion of flowers flowering during time t of 

the total annual number of flowering flowers, n is the number 
of censuses per year, and pt is the proportion of the censured 
individuals in flowering during time t.

Statistical Analysis
The data was subjected to one way analysis of variance (ANOVA) 
and caparison of the means was done with the Tukey’s test at 
p<0.05.

Results
A considerable variability in timing and duration of different 
phenophases was observed in all the studied populations along 
the altitude and different eco edaphic conditions (Figures 1 
and 2). At higher altitudes, the plants enter into vegetative and 
reproductive phases comparatively latter than the plants growing 
at lower altitudes (Table 1). The phenological events studied 
include initiation and duration of sprouting, commencement of 
sexual phase, anthesis, fruit formation and senescence (Figures 
3 and 4). The plants overwinter in the form of underground root 
tubers which remain dormant throughout the chilling winter 
months (November to February). With the inauguration of spring, 
the root tubers start to sprout and give rise to young shoots. 
Sprouting starts in the 2nd week of March and continues till 1st 
week of May in the natural populations while in the transplanted 
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population the sprouting of the plants started during the 3rd week 
of February and continues up to 3rd week of March.

The vegetative phase of the species is followed by an asynchronous 
sexual phase. The flowering occurs only in perennial plants 
while the annuals and biennials remain vegetative. Among the 
different populations studied, the transplanted population 
growing at comparative low altitude were the first to enter the 
sexual phase during the 3rd week of March and continue the floral 
bud formation upto 1st week of April. However, the high altitude 
natural populations enter the sexual phase late during 1st week 
of April and the completion of bud initiation is witnessed upto 4th 

week of May.

The flowers begin to open in the 4th week of April and continue 
up to 2nd week of June in natural populations while as in the 
transplanted population, it starts from 2nd week of April and 
continues up to 1st week of May. The flowering in the populations 
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Figure 1 Phenogram of Ferula jaeschkeana across different 
populations.
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Figure 2 Duration of different phenophases with respect to altitude 
at each study site in Ferula jaeschkeana.
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Figure 3 Duration of different phenophases in Ferula jaeschkeana.
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Figure 4 Different phenophases of Ferula jaeshkeana A. Sprouting 
in annual plants; B. Sprouting in biennial plants; C. 
Sprouting in a perennial plant; D. Vegetative growth; E. 
Flowering phase; F, G. Fruiting phase; H. Senescence.

Phenophase

Population

KUBG Dachigam Drang Betab 
valley - 

Pahalgam

Gulmarg

Sprouting
I 3(2)* 2(3) 4(3) 2(4) 4(4)
C 3 (3) 1(4) 2(4) 4(4) 2(5)
D 25 days 20 days 18 days 16 days 14 days

Bud 
formation

I 3(3) 1(4) 2(4) 4(4) 2(5)
C 1(4) 4(4) 1(5) 3(5) 1(6)
D 22 days 20 days 18 days 16 days 15 days

Anthesis
I 2(4) 4(4) 1(5) 3(5) 1(6)
C 1(5) 2(5) 3(5) 1(6) 3(6)
D 26 days 22 days 21 days 20 days 19 days

Fruit 
maturation

I 2(5) 3(5) 4(5) 2(6) 4(6)
C 3(6) 4(6) 1(7) 3(7) 1(8)
D 39 days 36 days 36 days 34 days 33 days

Table 1 Summary of phenological behaviour of Ferula jaeschkeana in 
natural and transplant conditions.

Senescence
I 4(6) 1(7) 2(7) 4(7) 2(8)
C 2(7) 3(7) 4(7) 2(8) 3(8)
D 20 days 17 days 16 days 14 days 12 days

Duration of 
aerial shoot 145 days 125 days 123 days 117 days 115 days

*Number outside the parenthesis is week and inside month; I=Initiation 
of the phase; C=Completion of the phase; D=Duration of the phase.
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lasts for 3-4 weeks. The highest percentage of flowering plants 
was recorded between May and early-June. The anthesis is 
slightly asynchronous within population and highly asynchronous 
across populations. Within an umbellule anthesis starts from 
periphery and proceeds centripetally while within the plant it 
starts from the central umbels followed by lateral umbels. The 
number of umbels per branch has a strong positive effect on 
umbellules per umbel (r2=0.93) and the flowers per umbellule 
(r2=0.808) (Figure 5).

The phenological variables of Ferula jaeschkeana showed a 
decreasing trend along the altitude (Table 2). Among the natural 
populations moment, duration, amplitude and intensity were 
highest in the low altitude population of Dachigam (12.3 ± 1.53, 
21.66 ± 1.53, 2291.66 ± 282.9 and 10208 ± 524.7 respectively) 
and lowest in high altitude Gulmarg population (10.33 ± 1.5, 
14.33 ± 0.58, 416 ± 55.83 and 2676.3 ± 570.5 respectively). In the 
transplanted population (KUBG) the values of moment, duration, 
amplitude and intensity were found to be 16 ± 2, 25 ± 1, 1532.66 
± 146.7 and 7926.6 ± 551.4 respectively.

Flowering phenology index of Mahoro (Ri) was calculated for 
both natural as well as transplanted populations. A comparison 
revealed that the value of Ri was highest (13.07 ± 1.0) in Gulmarg 
population while it was found to be minimum (6.39 ± 0.53) in 
the transplanted population (KUBG). The smaller the value of Ri, 
earlier is the blooming. Therefore, blooming occurred earlier in 
transplant KUBG population while as the high altitude Gulmarg 
population bloomed at the end (Table 3). The overall flowering 
synchrony (Z) peaked at 0.65 ± 0.04 in KUBG, 0.68 ± 0.01 in 
Dachigam, 0.74 ± 0.04 in Drang, 0.78 ± 0.07 in Betab Valley 
population and 0.84 ± 0.12 in Gulmarg population. Flowering 
synchrony index of Marquis (S) value peaked at 9.46 ± 0.44 in 
Gulmarg population and was minimum in Dachigam population 
(4.65 ± 0.60). In transplanted population, value of S was found 
to be 4.40 ± 0.60 (Table 3). After the process of pollination is 
complete, fruit development starts from 3rd week of May and 
continues up to 1st week of August in natural populations. 
However, in case of transplants, the maturation of fruits starts 

in 2nd week of May and continues up to 3rd week of June. Fruit 
development is also asynchronous within population and across 
populations. The colour of the stem and fruits also changes from 
green to reddish brown. 

After the fruit maturation, the species shows a slightly 
asynchronous senescence of the above ground shoots. In low 
altitude KUBG population senescence starts in 4th week of June 
and lasts up to 2nd week of July. In case of natural populations, 
senescence occurs from 1st week of July and lasts upto 3rd week of 
August. The duration of aerial shoot was short ranging from 115-
125 days in natural populations and 145 days in the low altitude 
KUBG population. Under transplant conditions the total life span 
(aerial shoot) was considerably longer as compared to the life 
span in higher altitude populations. The species exhibited a life 
span of 115-145 days from sprouting to senescence of the aerial 
shoot across the studied populations. Thus, the species revealed 
a life span of about four months to complete its life cycle in its 
natural habitat, however plants at lower altitude transplanted 
population completed their life cycle in five months. 

Discussion
A considerable variability in timing and duration of different 
phenophases was observed in all the studied populations. 
Lindsey [35] observed the flowering period in various members 
of family Apiaceae and he also reported that flowering occurs in 
spring between late March and early June depending on latitude 
and altitude. With rise in elevation, delay in flower onset timing 
and contraction in flowering duration was observed which is in 
agreement with Crimmins et al. [36] but anomalous behaviour 
from normal trend is also reported [37]. The present study 
revealed that at lower altitudes the plants flower comparatively 
earlier than the plants growing at higher altitudes which is in 
agreement with Ziello et al. [38]. To be successful in such a harsh 
environment, plants need to cope with temperature extremes 
while actively growing [39,40], to maintain metabolism over a 
broad temperature range [41,42] and to complete development 
quickly.
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The flowering and fruiting phenology may have an important 
influence on reproductive success, as it determines reproductive 
synchrony among potential mates [34] and may influence the 
attraction of pollinators and seed dispersers [43]. The number 
of plants with which an individual may interchange genes 
is determined by the level of flowering overlapping among 
individuals [43]. In the studied population, the mean synchrony 
of 74.5% puts some restrictions on gene flow among individuals. 
However certain degree of asynchrony between flowers and 
higher flower number per plant ensures the long-term availability 
of pollen to certify effective pollination as also supported by 
Siddique [44] and Wyatt [45]. Flowering asynchrony within 
populations may also act to reduce intraspecific competition for 
pollinators and promote outcrossing [46].

Conclusions
A considerable variability in timing and duration of different 
phenophases was observed in all the studied populations in 
different eco edaphic conditions. Under transplanted conditions 

Population Onset End date Moment (days) Duration (days) Amplitude Intensity
KUBG 8 april 3 may 16 ± 2a 25 ± 1a 1532.66 ± 146.7a 7926.6 ± 551.4a

Dachigam 22 april 15 may 12.3 ± 1.53ab 21.66 ± 1.53bc 2291.66 ± 282.9b 10208 ± 524.7b
Drang 1 may 20 may 14 ± 1ab 19.33 ± 1.53bd 1099 ± 101.5c 5179 ± 571.1c

Betab valley - Pahalgam 15 may 3 june 11.33 ± 2.08b 19 ± 1cd 673 ± 65.6d 4812.6 ± 601c
Gulmarg 1 june 18 june 10.33 ± 1.5b 14.33 ± 0.58e 416 ± 55.83d 2676.3 ± 570.5d

F value 5.39 32.80 69.31 81.06
LSD0.05 2.47 1.75 228.52 834.93

Table 2 Phenological variables of Ferula jaeschkeana in the studied populations.

Population Ri Z S
KUBG 6.39 ± 0.53a 0.65 ± 0.04a 4.40 ± 0.60a

Dachigam 6.55 ± 0.50a 0.68 ± 0.01ab 4.65 ± 0.60a
Drang 9.42 ± 0.51b 0.74 ± 0.04ab 6.47 ± 0.50b

Betab valley - Pahalgam 12.48 ± 0.50c 0.78 ± 0.07ab 8.22 ± 0.25c
Gulmarg 13.07 ± 1.0c 0.84 ± 0.12b 9.46 ± 0.44c
F value 72.24 3.73 58.77
LSD0.05 0.953 0.103 0.736

Table 3 Summary of flowering phenology index of Mahoro (Ri), overall synchrony of Augspurger (Z) and f﻿lowering synchrony index of Marquis (S) in 
Ferula jaeschkeana.

the total life span of the aerial shoot was considerably longer as 
compared to the life span in higher altitude natural populations. 
The phenological variables and indices of Ferula jaeschkeana 
showed a decreasing trend along the altitude. Flowering and 
fruit development was also asynchronous within population 
and among populations. The species exhibited a life span of 
115-145 days from sprouting to senescence of the aerial shoot 
across the studied populations. This information is valuable for 
understanding ecological features, phenological behaviour, 
planning economically viable cultivation and developing 
strategies for effective conservation and management of the wild 
populations.
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