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Introduction  

Climate change is a reality now, and has emerged as a major issue across the globe. On an average,            

                                                             -                                                               

occurred in the last 25years (IPCC 2007). Most of the observed increase in global average temperature since the mid 20
th
 

century is very likely due to the observed increase in anthropogenic green house gas concentrations (IPCC 2007). Such 

changes in climate have already started affecting biological systems worldwide (Walther et.al.2002) ; Parmesan and 

Yohe 2003).Several studies detected effects of climate change (CC) on changes in species distribution (Parmesan 2006) 

the storage of carbon in plants and soils (Shaver et.al 2000) and the timing of life history or phonological events( Primack 

et.al. 2004) ;(Inouye 2008).Environmental factors other than temperature also modify plant phenology. 

 

Phenology is the study of recurring plant and animal life cycles stages, especially their timing and relationships with the 

environment. Numerous environmental factors can drive phonological events, but these are primarily atmospheric 

variables, and in temperate zone predominately related to temperature. Thus, weather and climate play a dominant role in 

determining both the average timing and the specific date a phonological event will occur at specific locations and years. 

 

The timing of life- cycle events through the year is a decisive feature determining plants adaptation to seasonally 

changing environment (Orshan-1989) one of the most significant aspects of phenological studies is to explore the factors 

that elucidate the phonological behavior of species. The main abiotic factor that trigger the flowering and fruiting events 

of plants species are rainfall, temperature, soil, water, availability and photoperiod (Van Schaik et.al. 1993 ; Newstrom 
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The present study has been undertaken to find the impacts of climate change on 
phenology of Rhododendron arboreum and Quercus leucotrichophora to record different 
phenophases. The study area lies in (Navbahar) Sanjauli and Summer-Hill of Shimla 
situated in Himachal Pradesh, India, lies  between Longitude 77.00” and 78.19” East and 
Latitude 30.45” and 31.44” North. The study revealed that expansion in temperature is 
one of the essential clarifications behind the early blooming of both studied species which 
is a critical characteristic of climate change. Additionally, phenophases of these tree 
species are prevailing ecological change i.e., rising temperature & changing precipitation 
pattern. The change in blooming configuration is impacting the raising of avian species 
too. Periodic assortments in normal components have a fundamental impact to deal with 
the phenological illustration of tree species. These assortments in the blossoming and 
fruiting time are a direct result of the change in the climate. The instability in the 
temperature and precipitation could propel the improvement of specific plants while 
making a few assortments helpless against this change. Ultimately the plants could 
answer the changing examples of climate over a wide range of time as well as 
phenological designs, which is significantly influenced by the temperature and 
precipitation. Phenological changes will probably be the clearest transient delayed 
consequence of climate .In this manner, phenology has emerged as a critical measure to 
study the impact of environmental change on natural frameworks. Long-stretch 
phenological records give an important extent of changes in the species-level natural 
responses to assortments in climate at express objections. 
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et.al.1994 ;Borchert et.al. 2004) .Likewise biotic factors such as fruit type pollination and seed dispersal syndromes are 

also vital for understanding the flowering and fruiting patterns of plant species.(Bawa et al. 1985 ,Ibarremanriquez and 

Oyama 1992) Newstorm et al.1994. 

 

I ’               c       c            cc                                        c        c       in phenology may be the 

major visible short term response (Badeck et al., 2004). In fact , tree phenological observations have proved to be most 

effective impact indicators of climate change ( Kushwaha and Singh, 2008) as many species are highly sensitive even to 

the smallest change in the long prevailing climate of any ecosystem (Anonymous, 2009 (NBRI)). Thus, phenological 

models can be used as predictors of ecological changes related to agricultural production, drought monitoring, wildfire 

risk assessment, and in the management of pests (Betancourt et. al. 2007) Moreover, variations in phonological stages are 

a valuable source of information for investigating the possible impact of climate change on plant species (Chmielewsky 

and Rotzer 2002). Recent studies indicating changes in phenological stages in plants and animal species provide evidence 

that ecosystems are responding to climate change (Menzel 2000; Wolfe et al. 2005, Menzel et al. 2006). Many research 

projects were conducted to assess local and regional changes in phenology of plant and animal species throughout Europe 

(Ahas and Aasa 2006; Chmielewsky and Rotzer 2002; Menzel et. al.2006) North america (Wolfe et al. 2005, Bradley et 

al. 1999) and Asia (Ho et. al. 2006; Zheng et al.2002). Trends in the timing of plant developmental phases can have 

major impacts on plant productivity, competition between plants species and interactions with heterotrophe organisms. 

Shifts in phenology are relevant for nature conservation planning and the seasonal suitability of landscapes for 

recreational activities. It has been shown that phenology plays a crucial role in the carbon balance of terrestrial 

ecosystems (Keeling et al. 1996); in determining shifts in agricultural zoning (Fischer et al., 2002) in vegetation feedback 

onto the atmospheric boundary layer (Schwartz and Crawford, 2001) in plant competition (Rathcke and Lacey,1985) in 

pest and disease control (Penfound et al., 1945) and in pollen flight forecasts (Traidl-Hoffmann et al., 2003). 

 

The third assessment report from the IPCC projected that          ’               c                     c                

5.8 degree Celsius between 1990-2100,if no major efforts are undertaken to reduce the emissions of greenhouse gases. 

The predicted impact of warming in the Himalayan will be much higher. The general phenological aspects of leafing, 

flowering and fruiting in tropical tree species are fairly known. However few, reports are available on phonological 

studies in forest ecosystems of central Himalaya and north eastern India. Global climate change may force variation in 

timing duration and synchronization of phonological events in tropical forests. Tropical trees are expected to respond 

variously to changes in rainfall and temperature because they differ widely in respect to adaptations to seasonal drought 

and cues for bud break of vegetative and flower buds. Several studies have shown significant variation (advanced or 

delayed) in onset dates of flowering and fruiting responses in trees species as a result of climatic change. Probably the 

climate change impact can be better assessed at the level of functional types based on the duration of deciduousness and 

timing of onset of the reproductive phase. The need for functional types has been emphasized to evaluate and predict the 

nature of vegetation responses to future global climate. If the phonological changes in a species are not at the same place 

as the climatic shifts it will lead to a mistiming of several season activities. Human induced climate change is one of the 

most influential drivers of changes in the distribution of biodiversity and the timing of biological events (Parmesan and 

Yohe 2003; Walther 2002). High elevation environments are characterized by limited photosynthetic activity and a very 

short growing season, which may be associated snow or ice. 

 

In high mountains regions , flowering phenology changes along elevation gradients, with plants at lower elevations 

typically flowering earlier than plants of the same species that grow at higher elevations (Bertiller et.al.,1990; Ziello 

et.al.,2009) Species- level Phenological studies are useful for elucidating plant responses to various micro-climatic 

factors, as the rhythm of plant phenology is attuned to environmental seasonality. It is therefore important to monitor 

changes in phenology in this region in response to climatic changes, but no long term observations have been conducted 

there. The present study has been undertaken with the objectives, to find the impacts of climate change on phenology of 

Rhododendron arboreum and Quercus leucotrichophora and to record different phenophase of tree Rhododendron 

arboreum and Quercus leucotrichophora. 

 

Materials and methods 

Study area 

The present study was conducted On Rhododendron arboreum and Quercus leucotrichophora  in (Navbahar) Sanjauli 

and Summer-H       D     c  S            c                 H   c    P        I      I               L              ”     

 8   ”          L        3    ”     3    ”                     q           S       T                          c         

from 300 meters (984 ft) to 6,000 metres (19,685ft).The green belt in the Shimla planning area is spread over 414 

hectares (1,020 acres).  

 

The main forest in and around the city are of Pine, Deodar, Oak and Rhododendron. Environmental degradation due to 

the increasing number of tourists every year without the infrastructure to support them as resulted in Shimla losing its 

popular appeal as an  c                                    c           c                                                  

                                  S                                                 J            c                      

Fahr. And June the warmest month,                                       8   T                           J       S          

with an average of 52 inches. Snowfall falls from (December to March). The vegetation varies from dry scrub forests at 

lower altitudes to alpine pastures at higher altitudes. The type of vegetation met within a particular area depends upon the 
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climate, Topography and the biotic factors (Champion & Seth 1968). The wide range of altitude, temperature, rainfall 

and the soil results in diversified flora 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Map of Shimla District showing study area. 

 

In Shimla, the vegetation is a mixture of tropical and temperate species. Summerhill: is a distant suburb of Shimla, at a 

height of 2,123meters. It is on a hill, 5km west to the Shimla Ridge and is a part of the seven –hill cluster. Navbahar 

(Sanjauli): is located in the north-western ranges of the Himalayas at a height of 2398 meters. It is 7 km away from 

Shimla district. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Shimla district map with study area 

 

Sampling method 

The present study was obtained through field study, observation, clipping and site visit etc. The study areas are endowed 

with rich biodiversity, people were asked about the impact of climate change on plant phenology (change in flowering 

time, flushing of leaves. Early or late fruit ripening change in pollination time, about leaf dropping). Discussion with old 

age people to gain knowledge about the changing environmental condition such as temperature, rainfall and snowfall etc 

over the period of time and their impact on the life cycles of trees. A detailed survey was undertaken to record the 

Rhododendron arboreum and Quercus leucotrichophora. The two different species of trees inhabiting different regions of 

study area were selected for phenological observation. These two species are Rhododendron arboreum and Quercus 

leucotrichophora were recorded. In this study the change in leaf initiation, flower bud formation, flowering and fruiting 

events of trees were observed. These events were compared with older observations about phenology of the trees found 

in the area. Observations were made on the leaf initiation, flowering and fruiting of plant. The secondary data for the 

present study was collected from journals, research papers, reports of various government and non-governmental 

organization. Besides this the information was also gathered about impacts of climate shift on phenology of plants from 

web sources. Different books were also consulted to carry out this study. 

 

Data Collection and analysis 

In view of complete lack of long-term phenological records, the study considered three different but related approaches 

for generating evidences to explore reasonably sound trends of changes. The evidences were generated from: (i) Real-

time field observations on frequency of flowering from represented sites – two  sites with abundance of Rhododendron 
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arboreum and Quercus leucotrichophora  were identified in Himachal Pradesh , Western  Himalaya (Table 1) and 

surveyed during the month of  December to  March end (in 2016, 2017 and 2018).  10 m) were randomly in each site, 

five quadrats (10   50 m. The numbers of flowering trees against total trees of target species in individual placed within a 

plot of 50 dual quadrats was recorded. Quadrat information was pooled to determine the percentage flowering in each 

site. (ii) Long-term weather data (temperature) (iii) Synthesis of long term historical information from literature survey. 

Assuming that the specimens are essentially collected during peak flowering phase, the information obtained was 

analysed for trends of flowering in the region.  

 

Table 1. Site characteristics in the study area.(Source:googleearth ) 

Sites Elevation 

 

Latitude (N) Longitude(E) Canopy/ sub-canopy of tree species 

Navbahar 

(sanjauli) 

2,398 m 

(8,051 ft.) 

3         N         E Rhododendron arboreum 

Quercus leucotrichophora 

Summer-Hill 2,123 m 31.11   N 77.13    
 
 Rhododendron arboretum  

Quercus leucotrichophora 

 

Result and Discussion  

Rhododendron arboreum  

The following results will recorded from the study site: 

 

Rhododendron arboreum is a small evergreen tree and is known for the captivating beauty of its deep red or pale pink 

flowers. Locally known as Buransh, is flowering early because temperatures are rising in the hills. Rhododendron needs a 

temperature of 15-20 degree Celsius to bloom, which is the average temperature in the month of February and march and 

higher reaches of the Himalayas. But, for the last few years, the winter months have recorded, high temperatures leading 

to the early flowering. 

 

Leafing: 

The mean maximum temperature in February and March were 13.8 and 15.0 degree Celsius respectively in 2018. After 

data analysis it was found that tree Rhododendron arboreum starts leaf initiation in February. The Rhododendron 

arboreum showed leafing 1-5 weeks earlier due to early rise in temperature in February and March.  Rhododendron 

arboreum started leaf flushing in June to July. 

 

Flowering: 

It was found that flowering occurred in Rhododendron arboreum in sunny places in second week of February and in 

shady places in first week of March. Flowering period ranged between 6-7 weeks. During the study period flowering 

started from 2
nd

 week of February and maximum flowering was observed in 2
nd

 week of March, and flower remains till 

April. 

 

Fruiting: 

The Rhododendron arboreum visible fruits just after the competition of flowering. The fruiting period occurred in 

Rhododendron arboreum from april to june. Fruit maturation occurred during October to December. 

 

Table. 2. Flowering dates of tree rhododendron averaged for each observation site along with the elevation gradient in 

the study area. 

 

Flowering Elevation Elevation 

 2123 m 2398m 

Initial Last week of January First week of February 

Peak second week of February  Last week of February 

End Last week of February to mid march 2nd week of march 

 

Quercus leucotrichophora  

Study area: 

The study was conducted in navbahar forests of Sanjauli and Summer hill area. The study site was located between 2398 

m. The studied tree species were banj oak (Quercus leucotrichophora). 

 

Results: 

Leafing 

T                          -    c           
 
             I    8                             c                   earlier 

due to the early rise in temperatures of February and March. Quercus leucotrichophora showed leafing 1-3 weeks earlier 

leaf initiation due to the early rise in temperature in February and March, 2018. In the first month following the bud 

break, the tree species had produced 80-90% of total no. of leaves. The number of leaves appearing in shoot unit per day 

in the first month. 
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Flowering and Fruiting: 

Quercus leucotrichophora flowered during late winter to early spring seasons (February to March). The flowering period 

ranged between five to six weeks. The flowers come out in catkins (slim cylindrical flower clusters. After flowering, 

fruits occurred just after flowering but visible after five months period. The fruiting period starts in the 1
st
 week of 

August to September. And then fruit matures in the month of October. 

 

Fruit- The acorns are said to contain a peanut like core when broken and seem to be eaten by grey langurs and macaques. 

 

Leaf drop: 

The leaf fall was greatest in the spring (December to January) season (48%) followed by the monsoon (20.33%), winter 

(19.13%) and post monsoon seasons (15.26%). The contribution of leaf litter to total annual litter production was highest 

during summer months. 

 

Table 3.  Showing phenological events in plants based on primary and secondary data. 

 

S.N Botanical name 

 

Local 

name 

Family Leaf initiation Flowering 

period 

Fruiting 

period 

Leaf 

drop 

1. Rhododendron 

arboreum 

Burans Ericaceae Throughout 

year 

February to 

march 

March to 

Nov 

June to 

July 

2. Quercus 

leucotrichophora 

Baan Fagaceae Throughout 

year 

Last week of 

march 

1
st
 week of 

June 

Nov-Dec 

 

  Table 4.  A summary of comparative values of various phenologic events for studied species. 

 

Species  Present study 

2018 

Negi  1992 Sanjay 

et.al.,2016 

Shimla 

florasimelnsis 

1971 

Rhododendron 

arboreum 

 Leafing 1
st
 week of feb Last week of 

april 

Feb-march -- 

 Flowering Last week of 

feb to mid 

march 

1
st
 week of dec Jan-feb March 

 Fruiting April to june Last week of 

april 

March May 

 Leaf drop Last week of 

Nov to dec 

 2
nd

 week of 

march 

 -- 

Quercus  

leucotrichophora 

 Leafing 1
st
 week of 

April 

2
nd

 week of april January 

 

-- 

 Flowering Last week of 

april 

2
nd

 week of may Feb-march April 

 Fruiting 1
st
 week of 

august 

3
rd

 week of june June May 

 Leaf drop last week of 

nov 

3
rd

 week of jan  -- 

Navbahar and summer-hill (Shimla hills) is experiencing lot of changes due to effect of climate change. Phenological 

changes occur due to irregular rainfall and snowfall, increasing temperature, decreasing moisture contents as a result all 

plants have changed their new leaf formation time, flowering and fruiting time. The two species of trees selected for this 

study out of which one is evergreen (Rhododendron arboreum) and the other one is (Quercus leucotrichophora). 

 

Rhododenderon arboreum: is a small evergreen tree locally known as buransh, is flowering early because temperature are 

rising in the hills. Rhododendron needs a temperature of 15-20 degree Celsius to bloom, which is the average 

temperature in the month of March and April in middle. But, now the winter months have recorded, high temperatures 

leading to the early flowering. Plant phenology is strongly controlled by climate and has consequently become one of the 

most reliable bio-indicators of ongoing climate change. Climate change has affected the phenology of a wide range of 

species. The species wise description of various phenophases is given below; 

 

In Rhododendron arboreum leaf initialization started in 1
st
 week of February. Flowering initiated in sunny places 

(summer-hill), last week of February and in shady places flowering occurred in 2
nd

 week of March. Fruiting initiated in 

April to June. In sunny areas flowering is earlier than shady places. In Quercus leucotrichophora leaf initiation started in 

February and March. Flowering initiated in second week of April and peaked in last week of may, and fruiting started in 
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August. Leaf drop start in January and peaked in second week of March and culminated in first week of April. Sanjay 

Kumar and Neha Chopra (2017) Phenology is the study of growth of buds; leaf flushing, anthesis, fruiting and leaf fall in 

relation to seasons or years with climatic factors. Phenological events of three trees and shrubs species were made during 

2008-2009 in a banj oak (Quercus leucotrichophora A.Camus) dominated forest located between 1700-2009m elevation 

in kumaun Himalaya. After winter dormancy the growth initiation occurred when temperature began to rise continuously 

and resulted in bud break. 

 

P.Singh and Negi studied the phonological study of about two years shows that all eight tree species varied considerably 

with regards to proportion of different phenophases at a given time. In general leaf bud break and leaf drop was initiated 

earlier in low altitudes species as compared to high altitude species.(Thakur et.al., 2008) Flower initiation is an important 

phenophase, which is the result of cumulative reflection of all the vital physiological processes in any individual 

tree.(Singh and Kushwaha 2006) recorded a wide range of time lag (1-8 months) between the start of vegetative (first leaf 

flush) and reproductive (first-visible flower) phases in deciduous species which was correlated with the extent of the 

leafless period. 

 

(Yadav & Yadav 2008) Flowering is likely to be delayed by low temperatures. For the spring development of plants 

mainly the temperature changes in winter and early spring are important, which steer the period of dormancy and 

ontogenetic development (Burroughs, 2002 ; Chmielewski et al.,2004). (Annoymous,2009, NBRI) Phenological 

observations were made on 180 plants species by NBRI in Nainital. It was noticed that 58 plant species representing 36 

families and 55 genera, flowering was either advanced or delayed by one to three months, than as reported by Gupta 

approximately 40 years back, the s  c     ’   c                         c         c             L ck            

herbarium of Kumaon University. 

 

Kailash et.al. (2014) Generated evidences of changes in flowering phenology of an important tree species, Rhododendron 

arboreum in India central Himalaya. Real time field observations (2009-2011) showed peak flowering during early 

February to mid march. Analysis on long-term temperature data revealed significant ( P< 0.01) increase in seasonal ( 

winter and post monsoon) and annual mean maximum temperature. Generalized additive model (GAM) using real time 

field observations (2009-2011) and herbarium records (1893-2003) predicted 88-97 days flowering over the last 100 

years Furthermore , GAM using long term temperature data, real time field observations and herbarium records depicted 

annual mean maximum temperature responsible for shifts in flowering dates of the target species. The study provides an 

important insight of species response to climate change in the Indian central Himalaya. 

 

Dushyant et.al.,(2014) studied the impact of environmental factors( temperature and relative humidity) on phenology and 

reproductive biology of a medicinal plant Sida cordifolia L. growing at district Agra. The studied revealed that 

phonological events (leaf fall, leaf renewal, flowering and fruiting) varied considerably with the fluctuations in 

temperature and relative humidity. Sanjay Kumar and Neha Chopra (2018) studied the phenophase of three common co-

occurring woody plant species that varied in stature (tree Vs shrubs) were examined in a Sal forest of Kumaun Himalaya. 

The significance of phonological research lies in the fact that it constitutes a synthetic approach to evaluating plant 

response to the local environment. Monthly counts of leaves, flowers, fruits, and shoot measurement were made on 150 

twigs on ten individuals of each species for initiation, completion and duration of different phonological events. A 

significant relationship was found between shoot diameter, shoot length and leaf area extension across all species. 

Increasing day/ length/ temperature induce flowering in S. robusta and M. paniculata during hot dry summer and the first 

heavy rain in month of august act as a flowering cue in M. philippinensis during the rainy season. 

 

Conclusion 

The results of this study conclude that, rise in temperature is one of the main reasons for early blooming of 

Rhododendron arboreum and Quercus leucotrichophora which is important indicator of climate change. And it is evident 

that the phenophases of species are responding to climate change i.e., increasing temperature changing rainfall pattern. 

And it is not only humans are affected. The change in flowering pattern is affecting breeding of avian species also. The 

present field observations shows changes in early flowering species respond to enhanced February- march temperatures 

to a greater degree. Seasonal variations in environmental factors have a vital role to regulate the phonological pattern of 

tree species. These variations in the flowering and fruiting time was due to the change in the climate. The fluctuation in 

the temperature and precipitation may promote the growth of some plants while making some sensitive species 

vulnerable to the change. It can hence be interpreted how the plants may respond to the changing trends of climate by 

observing their past and present distribution and phonological trends which are highly influenced by the temperature and 

precipitation pattern. Phenological changes will probably be the most obvious short term result of rapid climate change 

and upon observation provide evidence for advancement in the start of the growing season. Thus phenology has emerged 

as an important measure to assess the impact of climate change on ecosystems. Long term phenological records provide a 

useful measure of changes in the species-level biological responses to variations in climate at specific sites. 
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