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Abstract
Phenology refers to the timing of recurring biological events in a species life cycle and is a crucial aspect of life history for both flora and fauna. Studying phenology plays a vital role in identifying regeneration challenges in plant species. It involves observing seasonal biological activities such as flowering, budburst, seed development, dispersal, and leaf shedding in relation to climatic factors. The present research focused on the phenological patterns of Abies pindrow in the Kashmir Himalayas. Three sites within the Srinagar Forest Circle were chosen for this study. Specifically, three trees were monitored in the Pir Panchal Forest Division (2500–2700 m elevation) and Tangmarg Forest Division (2200–2400 m), while two trees were observed in the Sindh Forest Division (2000–2200 m). Among the three sites, the Sindh Forest Division, being at the lowest elevation, exhibited earlier onset of all phenological stages such as needle initiation and development, emergence of male and female strobili, needle senescence, cone colour /seed maturation, and seed dispersal compared to the higher elevation sites. This pattern suggests that trees at lower altitudes begin their seasonal development earlier, likely due to an earlier onset of spring and associated environmental conditions.
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Introduction
Phenology, which involves the study of seasonal and annual biological events in plant life cycles, offers critical insights into how climatic fluctuations and environmental factors such as altitude influence the timing of growth and reproduction in plants. These variations in phenological patterns significantly impact the composition and functioning of ecosystems, influencing vegetation dynamics. Understanding the timing of these biological stages—particularly in woody plants like trees and shrubs—is essential, as they directly affect forest ecosystem productivity. Vegetative phenology refers to processes like leaf and stem development, while reproductive phenology includes flowering, fruiting, and seed dispersal, all of which are crucial for forest regeneration (Humberto et al., 2014).
Phenological monitoring plays a key role in identifying regeneration issues and encompasses observing periodic biological events such as flowering, budburst, seed development, dispersal, and leaf fall in relation to climatic variables (Davi et al., 2011). Both the European Environmental Agency and the Intergovernmental Panel on Climate Change (IPCC, 2007) recognize plant phenology as a sensitive indicator of climate variation and global environmental change. Long-term phenological records in trees have shown that rising global temperatures often result in earlier spring events like leaf emergence (Menzel et al., 2006; Doi and Katano, 2008; Chen and Xu, 2012).
Phenology reflects a plant’s adaptive response to environmental cues, governing the timing of growth and reproduction from the level of individual organisms to entire ecosystems (Forrest et al., 2010). As such, phenological data have gained increased importance in recent decades, as shifts in timing often signal broader environmental changes (Menzel et al., 2006; Anderson et al., 2013) or potential mismatches between interdependent species within ecosystems (Johnson et al., 2010). In plants, phenological timing is shaped by the balance between environmental constraints and resource availability, determining when growth and resource utilization occur (Nord and Lynch, 2009).Moreover, plant phenology provides foundational knowledge for managing forests and wildlife reserves (Kramer, 1997), guiding agroforestry practices, promoting sustainable use of forest resources, and supporting breeding and improvement programs especially since the timing of phenological phases such as flushing, flowering, and fruiting affects the quantity of seeds that can be harvested.
In mountainous regions, phenology varies with elevation; plant species at lower altitudes typically flower earlier than those at higher elevations. At high elevations, phenological cycles are influenced by soil thawing, snowmelt, and chilling, making them highly susceptible to the effects of climate change (Bertiller et al., 1990; Körner, 2003). In such temperature-limited environments, the growing season is a trade-off between avoiding frost damage and maximizing photosynthetic productivity (Chuine, 2010). Spring events like budburst and flowering tend to occur earlier due to warming climates (Parmesan, 2006), with extensive research showing that increased temperatures alter both the timing and duration of phenological activities (e.g. Menzel et al., 2003; Shah et al., 2014; Kumar et al., 2017). In high-altitude environments, snowmelt alongside air temperature is a critical factor affecting phenology (Bliss, 1971; Inouye, 2008; Hülber et al., 2010; Wipf, 2010). Phenological studies are therefore essential for developing effective forest management strategies and for enhancing our understanding of the regenerative capabilities of natural forests (Fox, 1976). The current study was undertaken to observe and analyze the phenological traits of Abies pindrow across different locations in Kashmir, with a focus on how seasonal climatic changes may affect these biological cycles
Materials and Methods
Study area: The current study was conducted in Kashmir, which lies in the northwestern part of India, positioned at approximately 33° North latitude and 75° East longitude. The valley is located in the northern region of the country, holding a nearly central position within the Asian continent. Its elevation varies between 1,500 and 2,300 meters above sea level. Geographically, Kashmir spans an area of 15,520.30 square kilometers.
Methodology:
An exhaustive survey was conducted across three Divisions of Jammu and Kashmir Forest Department, within the Srinagar Circle. These divisions include the Pir Panchal Forest Division, Tangmarg Forest Division and Sindh Forest Division. The altitudinal range of all the three sites varies between 2000- 3000 m above msl. The latitudinal and longitudinal ranges of all the sites have been given in Table 1, which were collected from said sites with the help of GPS. Through purposive sampling, a total of eight trees were identified for assessment. Each tree, which represents a source these trees were tagged, and their geographic coordinates were recorded. The selected sites were visited fortnightly, spanning from February 2024 to November 2024. During these visits, following observations were made regarding the progression of phenological events, commencing from the onset of spring until the culmination of the growing season.
 Needle initiation: It is a process by which a plant’s shoot apical meristem begins the development of leaf primordia: small structures that eventually give rise to new leaf flush.
 Needle formation: It was recorded when leaf primordia is transformed fully into mature acicular leaf.
 Male and Female strobili appearance: Observations with regard to the appearance of Male and Female cones were initiated from last week of March till their appearance.
Leaf senescence: Leaf/needle senescence was recorded when the leaves/needles show the signs of senescence; leaf/needle colour changed from green to yellowish brown and fresh fallen leaves/needles were seen on the ground.
 Cone colour /Seed maturation: The cone colour was observed by ocular estimation and change in cone colour to different shades was recorded by using colour chart. Seed maturation was recorded when the cones were fully developed and the seeds within them were fully ripened.
Seed dispersal: The dispersal of seeds were recorded when the cones shed the scales and release the seeds.
Climate
The Kashmir Valley experiences a temperate climate characterized by four distinct seasons: a severe winter from December to February, a mild and pleasant spring from March to May, a moderate summer spanning June to August, and a comfortable autumn from September to November. The region receives an average annual precipitation of 690 mm, primarily occurring as rain and snow between December and April. Temperatures range from lows of around -8°C during winter to average highs of 33°C in the summer months.
Results and Discussion
	In current study, phenological studies were carried out in three sites viz Pir Panchal , Tangmarg Forest division and Sindh Forest division. Three trees were selected under each Pir Panchal, Tangmarg Forest division and two trees under Sindh forest division. Leaf initiation in Abies pindrow varied in all the three selected divisions. In Pir Panchal Forest division needle initiation was recorded in 1st week of May 2024. In Tangmarg and Sindh forest division needle initiation was recorded in last week of April and 2nd week of April 2024 respectively. Leaf formation was completed in 1st week of June 2024 in Pir Panchal division. In Tangmarg and Sindh forest division needle formation was completed in Last week of May and 2nd week of May 2024 respectively. Appearance of male strobili varied in all the three selected divisions. It was recorded in 1st week of May 2024 and development was observed from 2nd week of May 2024 and completed till last week of June 2024 in Pir Panchal forest division however, termination of male strobili was observed in 1st week of July 2024. In Tangmarg division male strobili appeared in last week of April 2024 and development initiated from 1st week of May 2024 till 2nd week of June 2024, termination of male strobili was observed in last week of June 2024. Sindh Forest division recorded male strobili appearance in 2nd week of April 2024 and matured from last week of April 2024 to 1st week of June 2024. However, male strobili terminated in 2nd week of June 2024. The development of male strobili was evident from the change in colour from reddish pink to yellowish and finally to brown colour.
	It is evident from Table-02 that female cones started to appear in 2nd week of July 2024 and developed from last week of July 2024 to last week of October 2024 in Pir Panchal forest division whereas in Tangmarg forest division female cones started to appear in 1st week of July 2024 and matured from 2nd week of July 204 till 2nd week of October 2024 .In Sindh forest division females cones started to appear in last week of June 2024 and development was observed from 1st week of July 2024 till 1st week of October 2024. The development of female cone was evident from the change in size and colour of female cones from dark purple to bluish grey and finally chocolate brown. In Pir Panchal forest division leaf senescence was observed in 1st week of November whereas in Tangmarg and Sindh forest division it was observed in last week of October and 1st week of October respectively.
Seed matured in Last week of October 2024 in Pir Panchal forest division whereas in Tangmarg and Sindh forest divisions seed maturation was observed in 2nd week of October and 1st week of October 2024 respectively. Seed maturation was evident from the change in cone colour from dark purple to chocolate brown and seed colour from light purple to light chocolate with purplish wings and finally chocolate brown. Similar trend was observed in seed dispersal which differed in all the three selected divisions. In Pir Panchal forest division seed dispersal was recorded from 1st week of November to last week of November. In Tangmarg and Sindh forest division, seed dispersal was recorded from last week of October to 2nd week of November and 2nd week of October to 1st week of November respectively. 
	 In the present study the active growing period of Abies pindrow for vegetative phenophases fell between early May 2024 to late November 2024.The vegetative phenophases of Abies pindrow differed from site to site and the total observation period of different vegetative phenophases from initiation of needle (May 2024) to leaf senescence and seed dispersal (November 2024) at the three study sites lasted for 28 weeks.  In this study, the vegetative phenophases of Abies pindrow trees at Sindh division started earlier than those at Tangmarg and Pir panchal forest division. At the lower elevation i.e Sindh division, the beginning of growing season in vegetative phenophases of Abies pindrow showed a trend of advanced by one week ahead than Tangmarg forest division and advanced by two weeks ahead than Pir Panchal division. The length of the growing season in all the three sites differed, least growing period was observed in Pir Panchal forest division (higher elevation) 28 weeks while as growing period in Tangmarg forest division was 31 weeks. Highest growing period of 32 weeks was observed in Sindh forest division (lower elevation). Trees under study from Pir Panchal and Tangmarg forest division (higher elevation) flushed later as compared to trees studied in Sindh forest division (lower elevation). The  growing  season  of  species  from  low elevations  flushed  earlier  than  those  from  high  elevations.  Zhao et al. (2018) reported findings that align with the results of the present study. This similarity may be attributed to the limited heat availability at higher altitudes. Elevation appears to play a significant role in influencing vegetative phenology due to the varying thermal conditions across different altitudes. The observed variation might be due to the earlier onset of spring and subsequent early growth in trees located at lower elevations. Conversely, other studies have suggested that early snowmelt could increase the likelihood of frost damage in early-flowering species (Inouye, 2008). Therefore, plants at higher elevations may exhibit delayed phenological events compared to those at lower elevations as a strategy to avoid frost damage (Defila and Clot, 2005; Wipf, 2010).Similarly, the reproductive phenophases fell between Early May 2024 to late October 2024 in case of male strobili and Mid June2024 to Early October 2024 at the three study sites. The reproductive phenophases differed from site to site in the present study. Trees studied  from  Pir Panchal and Tangmarg forest division (higher elevations)  flushed  later  than  those in Sindh forest division (lower  elevations).  The lower elevation (Sindh forest division) showed a trend of advanced by one week ahead than Tangmarg forest division and advanced by two weeks ahead than Pir Panchal division. The length of the observation period in reproductive phenophases for Abies pindrow differed among the sites. In higher elevation (Pir Panchal and Tangmarg forest division), it lasted for 9 weeks for male strobili and 13 weeks for female strobili, while as in lower elevation i.e Sindh forest division, it lasted for 8 weeks for male strobili and 14 weeks for female strobili. 
	In Sindh forest division (lower elevation) all vegetative and reproductive phenophases in Abies pindrow showed great prominence and occurred earlier.  However,  as  the  elevation  increased  at  Tangmarg forest division and Pir panchal forest division (higher  elevation), the vegetative and reproductive phenophases were  observed  to  be  delayed. These variations in phenological traits in Abies pindrow could be attributed  to  differences  in altitude, temperature and other climatic factors.
	Our results are consistent with the findings of Singh and Negi (2018) who studied treeline species phenology in Abies spectabilis, Betula utilis, Quercus semecarpifolia and Rhododendron arboretum and reported  this  pattern ,  stating  that  as  the elevation  declined,  the  beginning  and  the  end  of  growing  season  showed  a  trend of  advance  and  delay,  respectively,  and  the  length  of  growing  season  increased. Similarly,  in  our  recent  study,  all  the  phenological  events  occurred earlier  at  the  Sindh forest division (lower  elevation)  and  were  delayed in Pir Panchal  and Tangmarg forest division (higher elevation). This may be because every character of the tree needs a particular set of temperatures for its growth and development.  This  has also  been  put  forward by  Singh et  al. (2015)  as  optimum  set  of  temperatures  in  the  phenology  of Rhododendron  arboretum is  met  early  at  low  elevation  and  later  as  elevation increases.  Zhao et  al. (2018)  reported  this  pattern  as  well,  stating  that  as  the elevation  declined,  the  beginning  and  the  end  of  growing  season  showed  a  trend of  advance  and  delay,  respectively,  and  the  length  of  growing  season  increased. The variations in the phenophases in our study can also be attributed to differences in altitude, temperature and other climatic factors. Our results are also consistent with the findings  of  Masoodi et al., 2018 in Abies pindrow,  Mir et al., 2016 in Betula utilis . Bhat et  al.(2017) reported  early  appearance  of  male  and  female  cones  in Abies  pindrow in  lower elevations and  delayed  appearance  with  increasing  altitude.  Moreover, similar findings have been reported by Zargar (2012)  in Cupressus  torulosa, Sailo et  al. (2017) in Platanus orientalis, Lone (2018) in Aesculus indica and Ulmus villosa.
	
Sites 
	GPS location
	Altitude
	Aspect
	Leaf
initiation
	Needle formation
	Leaf senescence

	Pir Panchal
Forest
Division
	33.874574
74.57919
	2500-2700 m

	NW
	1st week of May (2024)
	1st week of June (2024)
	First week of November (2024)

	Tangmarg
Forest Division
	34.023101
74.461295
	2200- 2400 m

	NW
	Last week of April (2024)
	Last week of May (2024)
	Last week of October (2024)

	Sindh Forest Division
	34.214247
74.998057
	2000-2200 m

	NE
	2nd week of April (2024)
	2nd week of May (2024)
	First week of October (2024)


Table 01: Vegetative phenophases of Abies pindrow Royle
Conclusion: 
The findings of this study indicate a clear seasonal pattern in the phenology of Abies pindrow within the temperate forests of the Kashmir Himalayas. Both spatial and temporal variations in the species' phenological behavior contribute to maintaining a dynamic and productive forest ecosystem. Among the study sites, the Sindh Forest Division exhibited the earliest onset of all observed phenological stages including needle initiation and development, emergence of male and female strobili, needle senescence, cone coloration/seed maturation, and seed dispersal compared to the other two locations. Phenological events consistently began earlier at lower elevations than at higher ones, suggesting that elevation significantly influences vegetative development due to varying thermal conditions. The earlier onset of spring and subsequent growth at lower altitudes likely explains the differences in timing. Overall, the observed variation in phenological traits in Abies pindrow appears to be closely linked to changes in elevation, temperature, and other climatic factors.
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	Sites
	GPS location
	Altitude
	Aspect
	Appearance of male strobili
	Development of male strobili 
	Termination of male strobili
	Appearance of female cone
	Development of female cone
	Change in Cone Colour/
Seed maturation
	
Seed dispersal

	Pir Panchal
Forest
Division
	33.874574
74.57919
	2500-2700 m

	NW
	1st week of May (2024)
	2nd week of May to Last week of June (2024)
	1st week of July (2024)
	2nd week of July (2024)
	Last week of July to Last week of  October (2024)
	Last week of  October (2024)
	1st week to last week of November (2024)

	Tangmarg
Forest Division
	34.023101
74.461295
	2200- 2400 m

	NW
	Last week of April (2024)
	1st week of May to 2nd week of June (2024)
	Last week of June (2024)
	1st week of July (2024)
	 2nd week of July to 2nd week of October (2024)
	2nd week of October (2024)
	
Last week of October to 2nd week of November (2024)

	Sindh Forest Division
	34.214247
74.998057
	2000-2200 m

	NE
	2nd week of April (2024)
	Last week of April to 1st week of June (2024)
	2nd week of June (2024)
	Last week of June (2024)
	1st week of July to 1st week of October (2024)
	1st week of October (2024)
	2nd week of
October to 1st week of Nov (2024)


Table 02: Reproductive phenophases of Abies pindrow Royle
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Fig 1-Vegetative phenophases of Abies pindrow Royle.
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Fig 2-Reproductive phenophases of male strobili
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Fig 3-Reproductive phenophases of female cone
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Fig 4-Seed maturation stages of Abies pindrow Royle
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