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Abstract—Climate influences plant recruitment at a global
scale. Asynchronized reproduction with climatic téas
may lead to failure of regeneration. The object tbé
present study was to monitor flowering and fruiting
phenology in one important under canopy forest igsec
Myrica esculenta, Buch-Ham. Ex. D.Don of the Himala
region. The study was undertaken at two times acens
decade on similar sites 2004 and 2013. Variatiotirme of
fruiting and flowering was insignificant between020and
2013. In Yr 2004 across all the dates the fruitsl seeds
were bigger in size in compared to Yr 2013 but ¢heas
no significant difference in fruit size, weight 190 fruits

and number of fruits per 100g. However, seed size

(P<0.01), weight of 100 seeds (P<0.05) and numbkr o
seeds per 100g (P<0.05) varied significantly in2004 and
Yr 2013. In Yr 2013 maximum germination 63.33+ 3633
occurred when fruit moisture content was 69.48 339
and moisture content of seed was 31.96 + 0.94%. YANO
showed that moisture content of fruit and moistcoatent
of seed (P<0.0l)varied significantly across the years
whereas there was no significant difference in geation

in both the years. It was apparent from the stuwt each
species will respond differently and have its owagation
strategy against changing climate. Generalizingattiall
species will show variations in their phenophaseg b
climate change may be an incorrect assumption.slit i
evident that all species will develop their own piddional
strategies to cope with climatic irregularities.
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l. INTRODUCTION
In the past 100 years the mean temperature ovegltte

has increased by approximately 0.6°C (Kerr 2004)e T
vulnerability of Indian Himalayan region (IHR) tdodal
warming impact is high. Studies indicate that Hiayain
forest ecosystems has been severely impacted bycpre
future climate change. Even a rise in 1-2°C, medls than
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the most recent projections of warming during deatury
will impact most ecosystems by affecting species
composition, productivity and biodiversity (Raviadath et

al. 2006). Minor climatic irregularities could gtbaaffect
future forest growth and regeneration.

Plant phenology is one of the most widely usedtsréo
study climate change impact and has acquired a new
importance because of its relation to climate clkang
(Chapman et al. 2005). Climate has a large inflacoo
plant recruitment (Adler & Hille Ris Lambers, 2008hd
temperature and precipitation are critical drivéos plant
distribution at the global scale (Woodward, 1987).
Reproduction phenology is an important life histargit
that influences fitness in a variety of ways. Misoha
reproducing time and season, may lead to failufniting

to match demands of growing off springs with tenabor
peaks in food resources (Inouye, 2008). Plantsadepted
to the annual seasonal cycle and all the life cgtages are
regulated by seasonal climatic changes. It is iapey to
keep record of all cyclical events, as these eveats be
critical to survive and reproduce (Mozai and Bhgara
2005). Although several species have respondetinate
changes throughout their evolutionary history, ¢hés
concern as to how different ecosystems and popuakativill
respond to this rapid rate of climate change.

Despite several studies on the overall impact ohate
change of plants the effect on plant regeneratamlargely
been neglected (Hedhly et al. 2009). Climate infbes
recruitment of plant species (Lloret et al., 2064y and
Schultz, 2009; Dalgleish et al. 2010; Mondoni et24112).
The regeneration from seeds could be enhancedceddar
delayed due to irregularity of temperature and fadin
(Walck et al. 2011).

Myrica esculentaBuch-Ham. Ex. D.Don occurs commonly
in chir-pine (Pinus roxburghii) and banj oak (Querc
leucotrichophora) as an under canopy species (Shah
Tewari, 2010). It forms distinctive clusters preifely on
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moisten sites.M. esculentais widely distributed between
900-2100m elevation from Ravi eastwards and towards
Assam (Anon 1962). It is a common evergreen under
canopy dioecious tree species generally attain hheig
between 3 to 6.5m in chir pin®ifius roxburghij and banj
oak Quercus leucotrichophojaforests (Shah & Tewari
2010). The species produces edible wild fruits and
contributes significantly in the income source aofcdl
communities in Kumaun and Garhwal Himalayan region
(Dhyani and Dhar, 1994; Shah and Tewari, 2010). We
monitored the flowering and fruiting phenology aseed
parameters of this under canopy forest specieshef t
Himalayan region at two times in 2004 and 2013raftgap

of one decade on similar sites to assess the impzfct
warming on the phenophases of this economicallyoitamt
species..

. MATERIAL & METHODS
Study site & tree characteristicss The study sites is

situated in the Kumaun Central Himalaya lie between
29°8"- 29°38" N latitude and 79°21"- 79°45" E Idnde.
For the present study total 3 sites were seledidthe
three sites were situated between 1480-1600 nuddtiand
on the south and south eastern aspect. The triseseskfor
seed collection had a clear bole, good crown, defit
number of fruits and were disease free. Five awesized,
healthy trees were selected and marked at a déstahc
about 100m from each other at each site. Diana#t&r37
m and height of each selected individual The meae t
diameter at breast height ranged between 82.4 & é1
and 105.6 + 3.02 cm.

Reproductive Phenological observation: February and
June is the period of high reproductive phenoldgctivity
in the species. Phenological changes were obsénvisd
esculenta on ten marked individuals at weekly irgks

Seed collection and maturity parameters- Fruit collection
of M. esculentastarted from the last week of April up to the
end of May from all the sites in two years, 2008 2014.
Fruits were collected weekly intervals for the assgy the
maturity time, till availability of fruits on treesThe fruits
were directly collected from the tree and de-pulpedhe
laboratory.

The physical fruit parameters were measured bynggki
three replicates of 100 fruits for assessing thié frolour,
surface area of fruit (mf (LxW) and weight (g). Similar
parameters were determined for seeds also. Fragd s
weight was estimated with digital electronic bakrend
size with the help of a digital vernier caliper @saring
range between 1mm and 150mm)
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For each collection dat moisture content of frusiséds was
estimated taking three replicates of 100 fruits aeeds
each and expressed on fresh weight basis. Thes fauitl
seeds were dried at 103 + 2°C for 16 £ 1 hour (1IST993)
and then reweighed.
Moisture content was calculated as-

Fresh weight- Dry weight

MC% = X100

Fresh weight

The seeds were surface sterilized with 0.1 % HgEbr

germination 4 replicates of 100 seeds each werm Saeds
were germinated on top of the paper at 25+1°C seed

germinator at each collection date. Seeds wereteduas
germinated only when visible radical was about linm
length. Water was added as required during thereanpat.

Germination percent was calculated as the totallbmurof

germinated seeds out of 100 tested seeds withirtetste
period.

Climatic Observation: The climatic data for the y2@04

and 2013 were taken from Aryabhatt Research Cdatre
Observational Sciences, Nainital

. RESULT
Climatic Observations: The mean maximum temperature

in the year 2004 and 2013 did not show any majanghs
and remained close to 20.2°C. However, the meaimmin
temperature were lower in 2013 than in 2003 (12.C
2003 and 10.8°C in 2013). The average rainfall was
relatively higher in 2013 than 2004 by 52.4cm (Rij. The
climatic data of years 2004 and 2013 of the stutywed

no significant difference in mean maximum tempeetu
(0.05°C) and mean minimum temperature (1.3°C).
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Fig.1: Temperature and rainfall data of the year
2004
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Fig.2: Temperature and rainfall data of the year
2013

Phenological Observations. In year 2004 seed fall started
in fourth week of April and was complete by the mat
week of May whereas in Yr 2013 it started at thmedéime
but was extended upto third week of May. Male flesve
started appearing in third week of August and flomge
was over by the third week of October. Male flowers
appeared from August end and flowering was compigte
the last week of October. Maximum flowering was
observed between August end and September secaid we
Though in year 2004 phenological activities werdieaby
five to six days but the difference in dates of pHiegical
activities were not significant.

Seed maturity: In year 2004 across all the dates the fruits
were bigger in size in compare to year 2013. At first
collection the difference between the fruit sizeYin2004
and 2013 was 20.1nfnand at final collection the fruit size
difference across two years was 5.7mithe difference in
weight of 100 fruits was 0.4g during the first eaflion and
6.3g at final collection. The number of fruits pEd0g at
first collection was 333.3t12.01 in Yr 2004 and
346.67+6.66 in Yr 2014 and at final collection iasv160 +
11.54 and 180 + 5.77 in the respective years (Big.
Analysis of variance (ANOVA) showed that there was
significant difference in fruit size, weight of 10its and
number of fruits per 100g in Yr 2004 and Yr 2013.

Seeds were also bigger in year 2004 in comparedi@3.2
During the first collection the difference betwethie seed
size was 10.2mfmand at final collection the fruit size
difference across two years was 6.5mithe difference in
weight of 100 seeds across the years was 2.9ggltinm
first collection and 0.07g at final collection. Thamber of
seeds per 100g at first collection was 1000+5@.¥aar
2003 and 1160+85.04 in year 2014 and at final ctide it
was 653.3 £+ 6.66 and 667.67 + 66.6 in the respegtears
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(Fig. 3). Analysis of variance (ANOVA) showed thesed
size (P<0.01), weight of 100 seeds (P<0.05) andbeuraf
seeds per 100g (P<0.05) varied significantly i2g04 and
Yr 2013.

In year 2004 the initial fruit moisture content wé8.3 +
0.66% and seed moisture content was 33.2 = 0.73%h W
each collection fruit and seed moisture contentiied and
reached 60.5 £ 1.16% and 23.1 £ 0.97% at finalectithn.

In Yr 2013 the initial fruit and seed moisture cemit was
75.10 +0.40% and 36.95 + 1.52% and gradually redche
67.44 + 0.39% and 29.47 + 0.95% at final collect{ig.

3). In Yr 2004 maximum germination was 60 + 5.77%
when fruit moisture content was 65.4 + 1.45% anedse
moisture content was 30.4 + 0.79%. In Yr 2013 maxim
germination 63.33x 3.33% occured when fruit moistur
content was 69.48 + 0.93% and seed moisture comtast
31.96 £ 0.94% (Fig 3). Analysis of variance (ANOVA)
showed that fruit moisture content (P<0.01) anddsee
moisture content varied significantly across thearge
whereas there was no significant difference in geation

in both the years.

V. DISCUSSION
In some species germination occurs soon after seed

dispersal while in others it is delayed either dioe
dormancy or unfavorable climate. Depending on flecies
forecasted, changes in ecological cues may, delay o
enhance regeneration from seeds. Species showdvarie
reaction to climatic irregularities. However thetstanding
question is how the different phenophases willrbpacted
across the whole ecosystem under varying climasngd
scenarios (Houghton et al. 2001). One of the main
challenges is to determine to what extent the tegor
correlation between seed maturation and temperature
(usually the mean temperature over a fixed datéogper
actually indicates the causal mechanisms (Shah 2053).
Any change in the timing of phenological events ldou
mean shifts in all phenological events right framitiation

of flowering to fruit/ seed ripening and fall with huge
possibility of large production of infertile seedsnd
viability loss.(Shah et al. 2014).

There are some studies which indicate shifts implogical
activities and seed maturation time in some speofes
Himalayan region. Shah et al. 2014, Joshi & Jo2fi, 1
and Maikhuri et al. 2003 observed early flowering i
Rhododendron arboreurmnother under canopy tree species
of Quercusforests in the Himalayan region. Shah et al.
2013 observed early maturation Ryracantha crenulata
over a period of eight years. However, in the pneséudy
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there was no significant variation in floweringyifing and
seed maturation time iM. esculentaover a period of ten
years. In year 2004 as well as in 2013 seed mataraiok
place in the second week of May though there were
differences of a few days. In both the years seatliration
took place when fruit moisture content was betw@&grand
70% and seed moisture content was between 30 &¥d 32
Similar result was also observed by Shah et al.02iGl
Myrica esculentaseed maturation time. Sparks et al. 2005
also observed no variation in flowering phenologfy o
stringing nettle Prtica dioica) one of the host plant of red
admiral butterfly over the past two decades. It apgarent
from the study that each species will respond ciffdy and
have its own adaptation strategy against chandingate.
Generalizing, that all species will show variatianstheir
phenophases due to climate change may not be appare
The question arises which species are more prosertive
against the back drop of changing climate the dhatsare
adapting or the ones that more rigid and do notvgi
wide phenological variations. Populations may hdwee
possible fates under rapidly changing climate: isatv
through migration, persistence with adaptationacefnew
conditions in present locations or extinction (Aitket al.
2008). The ultimate question is which species istrtikely

to survive, one that is rigid and does not showptateonal
traits or the ones that are highly adaptable tonaie
change. More studies covering several species seieral
years are required to answer this question.
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Fig .3: Variation in physical parameters of fruasd seeds
and mean germination of M. esculenta over the cttla
period from April end to May end in years 2004 &0d.3.
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