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Chapter-1

INTRODUCTION

Forests are an integral part of country’s econamy play an important role in socio-
economic development of country by providing variet goods like food, fuel, medicines,
wild edible fruits, timber, non timber forest pradsi (NTFPs), raw material for industrial
processing as well as various ecosystem servichsy Bre indispensable for nation’s

development and are huge resource in economic terms

With the progressive development of science iedty, the desire for learning about
the reproductive and phenological behavior of tloeedt tree species has increased.
Taxonomical phylogeny, pollination ecology and otdgssing mechanism are all based on
floral morphology. In order to begin a successfuédding (hybridization) programme,
investigations on many elements such as floweringattbn, stigma receptivity, pollen
anthesis, pollen germination, pollen viability apdllen storage are required. Hence, it
becomes essential in pollination studies to quamatifariety of morphological traits of plant,

inflorescences or flowers (Fenster, 1991).

Phenology deals with the growth of buds, leaftflng, anthesis, fruiting and leaf fall
in relation to seasons. The phenological investgatare crucial for a better knowledge of
the ecological adaptations of plant components et ag for the protection of tree genetic
resources and forestry management. In order to toroplant growth and choose the best
times for different cultural techniques includimggation, fertilisation, harvest time, and crop
protection, growers use phenological observatittisii and Yadava, 2001). It is observed
that the study on reproductive biology has beemiezhrout from several perspectives like
phenology, floral biology, pollination study, segérmination etc. but the final phase in this
process is successful establishment of seedlingssaplings in an environment where they
can grow into reproductively mature trees. Phenplagys an important role in the design of
successfulin situ conservation management plans for any plant ptpalgoarticularly

endangered plant population.

Reproductive biology is the study of flowers aheéit associated processes such as
first opening of flower buds (anthesis), antherisednce, pollen viability, pollination pattern

and stigma receptivity. The study of reproductiv@dgy covers factors influencing fertility



and the success of reproduction, as well as thaisitign of reproductive maturity, floral
initiation and the order in which flowers develom flowering plants or trees, the
reproductive process starts with the formationl@ivér buds and continues until they mature
to flower, develop fruit and produce mature se&kproductive characteristics such as seed
dispersal, germination capacity, flowering, seeefers to a set of responses that allow a
species to adapt to a particular environment. Algigliverse array of floral traits and
reproductive systems have evolved, varying fromgaléd cross fertilization to obligated or
promoted self-fertilization, with each strategy gweting selective advantages and
disadvantages, in flowering plants (Takebayashd Ktorrell, 2001). One of the primary
factors of an organism's abundance, dispersion, gametic diversity is its reproductive
pattern. The reproductive biology of species israportant part of the breeding system in
deciding the breeding procedure for genetic impmosat of tree species. All aspects of sex
expression in plants that influence the relativaeegie contributions of individuals to the
following generation within a species are includedreeding systems (Wyatt 1983). The
investigation of breeding systems helps to expthssstudy of evolution and population
genetics (Richards, 1997). The conservation ofatereed and endangered tree species also
depends on knowledge of breeding systems (SedgléyGaiffin 1989). It is preferable to
collect all the information on the species' divigrsiith relation to tree fruit, flower, seed, and
even chromosomal level before implementing any inggrovement programme. Seasonal
flowering timing, or flowering phenology, is sigi@ént for ecological and evolutionary

reasons (Kalloo, 1991).

The willows belonging to the gen&alix (Salicaceae) are one of the most important
taxonomic entities of the world because of theeagrnumber, species and varieties. The
genusSalix comprises of 350-500 species worldwide (Argus,7)9%he species is mostly
found in the arctic region and north-temperate zand only few species occur in the
southern hemisphere covering tropical and sub-¢edones. Asia is believed to be the
centre of origin of genuSalixwith around 275 species, including 189 endemisan@sts in
China (Fang, 1987; Choudhagyal. 2011). Similarly, in India, about 31 species anani in
temperate regions excefalix tetraspermandS. acmophyllawhich are found in tropical

and sub-tropical riparian areas of the entire ayui@harmeet al.2011).

Salix tetraspermélndian Willow) is a medium sized tree found in veatd swampy
places. Its bark is rough, with deep, verticaldies and the young shoots leaves are silky.
2



The leaves are lance-like, or ovate-lance likel58m long, with minutely and
regularly toothed margins. The male scented catiaim female catkins are borne on leafy
branchlets. The capsules are long, stipulate, ougg of 3 to 4 (Troup, 1921). In sub-
Himalayan tract and outer Himalayan ranges, itrdgs@ip to about 1800 m elevation and in
the Nilgiris up to 2,100 m elevation (Brandis, 1206 is a frost hardy, light demander and
resistant to drought, however good growth takesepia moist conditions. It coppices and
pollards well. Seed germinates readily on gettinginoum moisture and temperature.
Germination is epigeous. Growth of seedlings istfaeason is somewhat slow but later on it
becomes fast. It propagates easily by vegetativensieThe species sheds leaves, exhibit
flowering and fruiting at different time in diffemé parts of the country. In North India, the
tree is leafless in cold season, the leaves fal #ifie end of rainy season, the new leaves and
catkins appear in February-March and the fruiterriph April. In Maharashtra, the trees are
in flowering in October — November. Due to the prese of a variety of bioactives, including
those with antioxidant, antimicrobial, antipyretanti-inflammatory, laxative, analgesic and
diuretic properties, the plant has medicinal vatunel can be used to treat a number of
illnesses, including epilepsy, swellings, diabetgsles, rheumatism, bladder stones,
dysentery, etc (Luna, 2005). Indian willow is ecidly, multipurpose, fast growing species
and widely used for plantation across the worlanswf which have been cultivated for a
variety of end usegiz., making of baskets, ropes, bats, hurdles, plywpager and pulp, etc
(Verwijst, 2001; Kuzovkinat al.2008).

Studying adaptation and genetic bases of adaptits is an important step especially
for complex traits that have a polygenic origin atrngly influenced by the environment. In
order to isolate local adaptation and evolutionaemanges, biologists have developed in
experimental fields (common garden) by means aécsielg individuals from or procured
from different populations and growing them in antoon environment for a short period of
time (Villemereuilet al., 2016). Growth phases encompass time periods tkatracial to
humans as well as to plants from a biological pofntiew. There are numerous methods for
tracking the stages of plant growth, including batimerical and alphanumerical systems
(Chmielewski, 2003; Zadolet al.,1974).

Since, not so much work has been done on phemalogattern and variation in the

reproductive biology ofSalix spp and Salix tetrasperman particular. The variability in
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reproductive and phenological characters can bdokeg in developing hybrids with
superiorSalix clones already introduced in the department of Tmg@ovement and Genetic
Resources of Dr. Yashwant Singh Parmar U.H.F, Nabolan, H.P. (Sharmet al. 2019).

Therefore the genotypes 8hlix tetraspermacollected from different sites of North India

will be studied for reproductive and phenologidahacters with the following objectives.

a) Objectives:

1) To study the floral biology of different genotypafsSalix tetrasperm&oxb.
2) To study the pollen viability and germination véioa in different genotypes @alix

tetraspermaRoxb.



Chapter-2

REVIEW OF LITERATURE

Keeping in view the importance of the objectivalsein for the investigation, the most
relevant literature 0. tetraspermand other species is being reviewed under thevitrtg

heads:

2.1 Phenological and floral studies

2.2 Pollen studies

2.1 PHENOLOGICAL AND FLORAL STUDIES

Griffin (1980) observed flowering phenology in arst of Eucalyptus regnans-.
Muell at Narracan, Gippsland, Victoria (1977 and79pP and noticed the beginning of
flowering on February 15, 1977, and January 30918rd all trees finished flowering after
90 and 100 days, respectively in both seasonstiwtimedian value for the number of trees
flowering at the same time occurred 40 days folt@yihe start of the season. In 1979, he
observed abundant flowering along with temporalaton. He examined flowering in the
crowns of three trees and revealed that the meanlietween the anthesis of the earliest and

last flowers in inflorescences was six days andtémn days for flowers in branches.

Renner (1986) conducted a studytba flowering periods oBellucia dichotomaB.
grossularioidesand B. acutataby periodic observations from October 1980 to Nwoler
1982 and April 1982 to November 1984 and found ttiese three species flowered for
prolonged periods or consistently throughout tharyendfresh flower buds were present
around the start of the rainy season from aboublé&ctto January; however, some flowers
did flower over 11 months of the year. She obsetved the flowers of the shrub species
were three to four centimeters in diameter; while flowers of the tree species ranged from
six to eight centimeters in size and the petalsaedphorizontally by morning as the buds
start to split apart in the previous evening. Deldeg on the species, the pollen is more or
less a pale golden colour and has the same sceatpdllen ofBellucia were smooth and
dry. They stick to the abdomens of the bees artds]ightly to the rest of their bodies. Thus,

pollen placement lacked specificity.



Boes and Strauss (1994) examined seasonal changdke development of
reproductive structures f&topulus trichocarpalorr. and Gray. They observed that the
development of reproductive meristems begins aartire spring, before leaves emerge and
until late spring the anatomy of male and femabevéirs was virtually undistinguishable and
the gynoecium structure develop in about 2 weekthan continue to enlarge through the
summer and autumn until the trees become dormdameh development begins in the
centre of a disk-shaped meristematic region andgeds centrifugally. Megasporogenesis
and microsporogenesis take place late in the wiatgoroximately 2 weeks before anthesis.
It was further noticed tha®. trichocarpawas found to have a relatively large number of

reproductive structures when compared to oft@ulusspecies.

Kigomoet al (1994) conducted a study on the phenology anadetive biologyof
the dioecious treBrachylaena huillensi®. Hoffm in its native environment in Kenya. They
found that the species produce fruits and flowersd a yearbetween mid-April and the end
of June and again between mid-November and eariyadg The flowering and fruiting
periods are relatively short and well-definaithough the frequency and amount of rainfall
affect flowering. They further noticed that malesgrate more flower heads per panicle and
the amount of fruit produced was enormous, butau per cent of fruit was vulnerable to
insect attack before disseminatiofhey found that asingle tree's flowering and fruiting
season may only last a week or two, but for thereeqtopulation as a whole, it lasts for

around six weeks, with individual trees beginnihg@mewhat different periods.

Setterfield and Williams (1996) studied the pattefrilowering and seed production
in Eucalyptus miniataand E. tetrodontain Tropical Savanna, Northern Australia. They
observed that within eight months of the appearaoicdloral buds on the trees, the
reproductive cycles oE. miniata and E. tetrodontawere completed. Their study has
demonstrated that seed production and seed supgty miniata and E. tetrodontavaries
substantially between years and that this pattérth@ temporal variation is consistent
between sites. As the ovule survival from bud atitin to seed fall did not vary significantly
between years. Therefore, years of low seed pramuate due primarily to low densities of

floral bud initiation per tree canopy and low numsbef fecund trees per stand.

Fenner (1998) investigated the phenology of leafiigoming, and fruit production
in a variety of species and populations. He notitted within the constraints imposed by

phylogenetics, the phenological patterns (timinggf@iency, duration, degree of synchrony,
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and so on) of each phase were most likely the resud compromise between a variety of
selective pressures such as seasonal climatic ebarrgsource availability, pollinator,

predator, and seed dispersal. According to hisysttiee need for long-term recording was
emphasized, especially in species that producgulae fruit and came to the conclusion that

understanding plant phenology is critical to untirding community function and diversity.

Nagarajaret al. (1998) studied the reproductive biologyTamarindus indicd.. and
observed that the flowers were bisexual, herkogamoream yellow in colour, with five
sepals, five petals, with the odd petal with thitsed stamens and filaments curled toward
the base of the ovary, a simple style, an a supen@ary containing 12 to 14 ovules.
Numerous uniseriate hairs and a lot of nectar vpeesent at the ovary base. They further
noticed that on only alternate days, flowers inrdlorescence bloomed and between clones,
there were considerable differences in floral patiden. They observed that more flowers
were produced by clones having longer vegetatixmital branches. The clones' styles and
ovary sizes differed between clones. Every yeamiteal vegetative shoots were generated,
but they didn't develop flowers until the next indise flowering season

drooping. Maximum foliage was produced by clonegr@longer terminal shoots.

Chavaret al.(1999) investigated blooming phenology, floral bgy, and phenotypic
diversity in floral features imfamarindus indicd., and observed the plant flowered from the
later week of March through the first two weekslohe, between 9-11 a.m. when dehiscence
occurred. Only two trees were found to bloom mdrantone floral bud every day. The
majority of trees bloom one floral bud every al&mday, while 33 per cent of trees bloom at

least one floral bud per day on a regular basis.

Williams et al (1999) studiedinterspecific and interannual variation in the
reproductive phenology of 50 common species oktes& shrubs from a mesic savanna near
Darwin, northern Australiadiween September 1992 and February 1995. They fihatdhe
most of species flowered around at the same tirok gaar and the mid to late dry season
(July—August) and the transitions between the diy riny seasons were the peak flowering
times (October—November). During the dry seasoa,twWo major treed-ucalyptus miniata
andE. tetrodonta flowered. At the end of the wet season (Febridayth), flowering and
fruiting were less prevalent, but two specles porrectaand Terminalia ferdinandianas

flowered at this time.



Maloof (2000) conducted a study of flower longevity Corydalis caseanaand
observed that the flowers stayed open and heatihyafound 4 days, follows the mixed
mating system, were self-fertile, generate fewedseer fruit (a mean of 2.9 compared with
a mean of 4.7) and a potential for inbreeding depoa. The flowers on the terminal raceme
were found to bloom first, from the bottom to tlog t(acropetally). On enormous, terminal
racemes, the flowers at the bottom may be settuigwhile those at the top are still in the
bud. The flowering started between June 14 and 20rté&e stigmas are responsive and the
pollen is viable for at least the first four daysem the flowers are open.

Ng and Corlett (2000) studied the comparative repctive biology of six
Rhododendrorspecies of Hong Kondrhododendron farrergdR. simsij R. moulmainense
R. championiaeR. hongkongensandR. simiarum They found thathere were differences

in the duration and timing of the flowering perioetween species and locations.

Pop et al. (2000) studied the factors controlling bud breakwio arctic deciduous
shrub speciessalix pulchraand Betula nanausing field observations and growth chamber
studies. They observed that the two species reggbosidhilarly in terms of bud break timing
and response to air temperature in both field amdrolled environments. They noticed that
in the field, the timing of bud break was stronghfluenced by air temperatures once
snowmelt had occurred. Growth chamber studies stidiagg a period of chilling is required
before buds break in response to warming. Theyhdurbbserved that in contrast to chilling
treatment, warm spring temperatures determineittmad of bud break. They concluded that
changes in bud break timing of the deciduous shrwiosild likely have important
conseqguences on the relative abundance of shrutugure communities and consequently

ecosystem processes.

Chauhan and Singh (2001) observed that the antb&3isrminalia arjunabegan in
April and ended in July, with flowers opening betnes:30 and 7:30 a.m. Leaf fall began in
October and lasted until April, with the most sigrant amount of the leaf fall in January.

Ratnaningrunet al (2001)carried out a study on phenology and reprodudtigigy
in the three-and-a-half-year-ol&ucalyptus pellitaplantation in Yogyakarta, Indonesia
andobserved thdt. pellitatook 302 days to complete the development ofa@aductive
organs, from the beginning of the floral phase ulgto the ripening of the fruit and seed

dissemination. They recorded 145 days for the amhand characterized as a protandry
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dichogamy type depending on when the sexual orgesxsh maturity. Just before anthesis,
anther dehiscence begins, and three days latgmatachieves its maximum receptivity.
They further noticed that floral initiation starteédJanuary with peak flowering occurred in
March-April when the wet season gave way to thes#gson, while fruit maturity and seed

distribution took place in September.

Yu, Qet al (2001) studied phenological traits of four aspgbrid clones Populus
tremula x Populus tremuloidgsand one locaP. tremulaseedling sourcelThey observed
shorter mean times for the onset of each stageaith differences in phenological and
growth parameters between hybrid clones Bndremula The hybrids' mean times for the
onset of each stage of growth were shorter thasetlodP. tremula for the emergence of

bud, it required 9 days, for leaves to unfurl regdi7 days, and 7 days for full-sized leaves.

Pellis et al. (2004) examined the leaf phenology of popldsdulus spp clones
differing in their latitude of origin (480N to 5PN), including spring phenology, length of
the growth period and end-of-year phenology, oeseral years of different rotations. They
observed that the clones from°38N to 4N reached bud burst almost every year earlier
than clones from 30l to 5°N. Some clones experienced late bud burst and kEsdyall as
a result of increased rust incidence throughoutcih@rse of the observational years. High
coefficients of variation between years for thedenes reflect the variability in leaf

phenology.

Tandonet al (2003) studied phenology &utea monospermand observed that in
the first year, 27 trees flowered, but in the selconly 18 trees and the flowering trees started
shedding their leaves in December and were leablgs3anuary and those which did not
show flowering, retained the leaveBheir study indicated that although species shows
regular flowering, all trees do not flower everyaye They found that flowers were
papilionaceous with wet papillate stigma, holloylestenormous, vivid orange-red in colour,
abundantly nectar-filled, and exhibit diurnal arsilse which is indicative of bird pollination
At the end of February, inflorescence primordiadretp form in the leaf axils. The dark and
velvety flower buds started to open in the firstsecond week of March. The first week of
April marked the peak flowering period in both y&awith the trees staying in bloom for 6-8
weeks. In April or May, leaf primordia began torfgrand by May or June, leaves had grown

to their maximum size.



Berry and Gorchov (2004fpund that males and females within the populatién
Chamaedorea radicaliflowered during the same time period from May tme)l2001 at
Tamaulipas, Mexico. The prolonged flowering cycfel®e males, enabled one male to be a
source of pollen to receptive females for as loagaanonth and assisted in the successful
wind pollination of this palm. They observed thad female plant’s size affected how many
flowers and fruits it produced, but had no stromgrelation with fruit production. They
further noticed that in the study area, fruit proitbn was not influenced by local sex
distribution, male density, or male proximity, indting that the availability of pollen didn’t

limit female reproductive success.

Chauhanet al (2004) observed the leafless period Délbergia sissoofrom
December to January. They noticed an increasenmpdeature affects the flowering from
March to April. From bud initiation to flower blodny, the entire process took fifteen to
twenty days, and seven to eight months from butiatron to fully ripened pods. They
observed that the anthesis lasted from 10:00 anti. 2100 p.m. In the bud stage, shortly

before the flower opened, the anthers dehiscdaeimiorning hours.

Lennartsson and Ogren (2004) investigated theemiffces in temperature
requirements for budburst amoBglix clones used for biomass production covering a wide
range of geographical origins. They observed thattbotal temperature needed for budburst
varied significantly among clones, with values riaggrom 110 to 19%C and that was only
weak linkage with the geographical origin of therds. They noticed that all clones
according to freeze tests, until at least a cowbleveeks before budburst, could tolerate
temperatures< 15°C. The findings suggested that the clonal variatiorsusceptibility to
spring frosts was related to the clonal variatibtha timing of budburst, largely determined

by the temperature sum requirement.

Pandeet al. (2004) evaluated the phenology of neefzgdirachta indica from
several agro-climatic zones. They observed thatl¢haf fall season was from February to
March, except in the Narmada Valley, where it ldsip to April. The leaf emergence began
in February and continued until April in variousraglimatic zones. The vegetative period
lasted seven months (August to January) in all aficnzones except in the Vainganaga
valley, where it only lasted six months. Floweripggan in February in all climatic zones

except the Narmada Valley, where it began in Marth fruiting began in March-April.
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Singhalet al. (2005) investigated the floral biology, pollinationechanisms, and
breeding systems dauhinia variegataeand Bauhinia candidarespectively. They observed
that flowers bloomed in both species in Februarydiiaaccording to the researchers. It was
further observed that flower opening, anther dedmse, and stigmatic receptivity all
occurred at the same time in variatgriegata and 05:00-09:00 in varietgandida The

anthers in the bloom all dehisce at the same time.

Nagarajanet al. (2006) conducted studies on phenology, floral lggland seed
production in two provenance trials and clonal redgchard ofCasuarina equisetifolia.
They observed that flowering occurs two times ar y@anciding with the South West and
North East monsoons. It was observed tGatequisetifoliaexhibits strong anemophilous
adaptations such as very high pollen output, redlfiogvers with the large stigmatic area and
with light weighing winged fruits. They recordedllea viability up to 99 per cent, which can

be stored in AC up to three months with no loss in fertility.

Wani and Chauhan (2008) studied the floral biolagyd stigma receptivity of
Bauhinia variegataand found that the species began flowering in Kapril, with
flowering times varying from 26 to 49 days. The ragge time it took for flower buds to
develop was found to be between 20.88 hours ar@R 2#ays, with maximum anthesis and

anther dehiscence occurring between 7:30 and 880 a

Borgeset al (2009) carried out a study on the reproductiv@dgy of Caesalpinia
echinataand found that flowering took place primarily in theydseason and that seed
distribution peaked at the start of the rainy seamwd diurnal anthesis lasts for one day. They
observed that zygomorphic yellow flowers possegkasant aroma. Average measurements
for nectar volume and sugar content were 29+1.0apd 29.5+9.4%, respectively. They
further noticed that the pollen:ovule ratio was 5@3 the ovary had 1-4 ovules (2.35+0.58),
and the pollen viability was high (95.9+4.8%). Thieyind thatC. echinataexhibits late-
acting self-incompatibility as per the results fod tontrolled pollinations and examination of

pollen tube growth.

Fidalgo and Kleinert (2009xamined the floral phenology and reproductivedyp
of six sympatric Myrtaceae species' between Seperh®99 and April 2002 in the coastal
forest of Ubatuba, Brazil (44°48'W, 23°22'S). Theynd that beginning with the changeover

from the driest to the most humid season (Sept/@otyering continued throughout March.
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They further noticed that the species regularlyobied, in the same manner, each

year but the beginning, peak, finish, and overlafosvering varied from year to year.

Weih (2009) examined six commercial willovddlix spp.) varieties in order to
investigate the effect of genotype and environnoenspring and autumn phenology and the
relationships between phenology, shoot growth aaf hitrogen translocation. It was
observed that bud-burst date varied by 19 and $9 mathe two years and leaf unfolding
duration varied by 2.5 weeks and completion of badcission ( >90% of leaf shed) by more
than 3 weeks between genotype and treatments. skvad that delayed growth cessation
and leaf abscission were generally associated gvéhter biomass production. He concluded
that the timing of bud-burst and leaf abscissionmsre important for willow biomass

production than growth cessation.

Jadeja and Nakar (2010) studied ten woody treeiespéom eight different families
in the Girnar Reserve Forest, near Junagarh inr&ujéhey noticed that during the year, the
phenological behaviour of all ten species was idahtLeaf fall occurred in most species in
January and February to March, with new leaveviagibefore the monsoon. In the month
of December, five species had their highest frgitaativity. It was further noticed that fruit
dehiscence was completed in two species beforenpresoon showers in June, although fruit
dehiscence was incomplete in eight speddesris indicahad a maximum flowering time of
246 days for fruit and a maximum flowering time &% weeks in the year, whiléectona
grandishad a maximum flowering time of 146 days.

Margaret and Kuzovkina (2010) studied the phenchlgigrowth stages of four
different Salix species and observed that the bud covered bydckrsdes stage was achieved
after leaf fall andSalix gracilistylabud scales appeared glossy red. They found thtteas
growing season progresses there is a change iootbar of the soft tissues of the annual
stem.Salix gracilistylawhen exposed to sunlight becomes purple/ tan artthage in bark
colouration may be due to anthocyanin content. ds woticed that generative bud scales
change colour from green to reddish, brownish dioyesh depending upon the species. In
Salix gracilistyla,on exposure to sunlight generative bud scale appeblush on the stem.

It was further noticed that during the generatiue Bwell stage, colour may change, surface
(glabrous to pubescent) which indicates a progsaessom dormancy to flower development.
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Chaudharyet al (2011) studied the phenology and reproductivdogip of nine
important willows Galix spp.) procured from different countries and conetlidhatSalix
tetrasperma, S. jessonensis, S. gracillisgtal S. acmophyllavere among early flowering
species, wherea$S, udensiflowered in a staggered manner from last week otidey to last
week of MarchS. nigraflowered between the last week of March affdviek of April and
was last in flowering among all the species. Thdenflwer buds burst earlier than the
vegetative bud, whereas female flower buds butst de leaves started to emerge in all

species.

Azad (2012) observed the bud burst spring phenotdgpoplar Populus tremuland

P. tremuloide} from eight distinct provenances, originating frdmrope and the United
States during March and April 2009. He identifib& pphenological stages of the seedlings
using a six-stage subjective grading system of lowdt phenology, with each plant being
monitored twice a week. The aim of the study waarttcipate phenotypic variance among
poplar trees grown in similar settings that origgmhbetween 42° and 60° N latitude. He
observed that seedlings from provenance 3 (42.3&tiNide) started and finished flushing
substantially earlier than those from other provees, whereas seedlings from provenance 5
(54.29° N latitude) started flushing quite late gust a few plants reached top scoring at the
conclusion of the trial period. He concluded froms ktudy that within provenances, the
association between score and flushing periods quéte strong, despite the fact that the

flushing pattern varied.

Bajpai et al. (2012) found that flowering began in the third wesdkFebruary and
lasted until the second week of MarchSgzygium cuminiL. They noticed that the number
of panicles per branch ranged from 5 to 13, thezeewvl9 to 73 buds per panicle in various
orientations of the canopy and there was a stramgelation between panicle size and the
number of flowering buds. They observed that theeflowering phase, which culminated
in fruit set and subsequent ripening, lasted f@-1P6 days with a lengthy phase of flower
bud initiation that lasted for 45-50 days. The raltpollen transmission was effective, and
fruit production after open pollination was relaiy high.

Bajpai et al. (2015) evaluated the phenological features of 8horea robustand
Ficus hispidaspecies found in the Katarniaghat Wildlife Sanciu@Ws), a tropical moist
deciduous forest near the Indo-Nepal border in INwrt India. They recorded the

phenophases such as leaf bud initiation, leaf eemeey young leaf formation, leaf fall,
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flower bud growth, flowers, and fruit productiom a monthly basis. They further recorded
the number of leaf buds, juvenile leaves, matuaeds, and total leaves. Leaf bud bursting
and flowering began in both species in the postavimonths (March-April), with maximum
leaf fall occurring in the post-monsoon season @fober-February).

Neto (2013) studied the floral biology and breedsiygtem oBauhinia forficataand
found that the plant displayed floral charactessstihat were indicative of sphingophilous
condition. He observed that the anthesis begansit, @nd pollen and nectar production took
place at 8:00 and 10:00 p.m., respectively. It father noticed that the flower became

protoandrous and the stigma receptive around 14.190

Joharet al. (2015) observed that that moderate defoliatiorabheg the fourth week of
November and persisted through the end of Febrmaljelia compositawith the majority
occurring from January 13-28. They recorded thtar all the leaves had fallen off, leaf
primordial began to emerge and a week after thegenee of a new leaf, the panicle with its
little projecting buds became visible. They furtluserved that it took the flower buds 18—
28 days to flower and 08:00 and 09:00 hours wagitienum time to record the observation
as more than 80 per cent of flower buds openedduhis time. There was a time period of
243-264 days from the start of the panicle up &orttaturity of the fruit.

Shivaprasadet al (2015) conducted a study on the phenology andodegtive
biology of Cinnamomum sulphuraturand found that the leaf initiation began in thestfi
week of October in 2011, the second and third weél3ctober in 2012, and 2013. In 2011
and 2012, flowering began in the first week of Deber, whereas in 2013, flowering began
the last week of November. In 2012 and 2013, fiuiiation began in the third week of
March. Within a week's difference, phenologicalrésenvere comparable in each of the three
years that followed, from 2011 to 2013. Flower<ofsulphuratunmhad peduncles that were
greenish-white in colour, bracteate, actinomorphicnerous, perigynous, six perianths in
two whorls of three each, and free stamens. THeradcence is an axillary panicle that took
13+1.41 days to flower and has 62.48+7.01 floratidouHermaphroditeC. sulphuratum
flowers grow in axillary panicles and average 12240 cm in length. On average, there are
62.48 = 7.01 flowers per inflorescence, and eacwdl has an average of 12 anthers

arranged in two whorls.
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Prasannat al (2015)studied the reproductive biology Gfanarium strictumn the
Western Ghats, Karnataka and found that in thenskaeek of February, there was a zenith
of leaf fall, and in the third week of the same tprthere was the emergence of new leaves.
As they matured during the second week of Marcle, lgaves' initial colour of dark
brownish-red had changed to yellowish green anshfteaf maturation was followed by the
beginning of flowering in the third week of Mardmd fruit setting began in the last week of

March. Flowers on axillary, indeterminate racemeigas were tiny, actinomorphic.

Elferjani et al. (2016) investigated the plasticity of four hybpdplar Populusspp.)
clones established in 2005 along a latitudinal igratdn northwestern Quebec, Canada. They
observed that the growing season duration betweernsouthernmost to the northernmost
sites ranged from 21 to 32 days, and was positivetyelated to stem volume and negatively
correlated to bud burst and bud set duration. Ineafphotosynthesis decreased or did not
change northwards except for the most productieaecl Maximum rates of carboxylation
and photosynthesis electron transfer decreasedwamds for three of the four clones,
suggesting that the photosynthesis of trees didasotimate to lower temperatures from
south to north. In the boreal zone, bud burst aaél unfolding start earlier at lower latitudes
where temperatures are warmer in early spring, mgrkhe beginning of photosynthetic

activity and biomass accumulation.

Lutter et al. (2016) observed that geographic origin did not dcffthe spring
phenology of hybrid aspen. However, hybrids wiRbpulus tremulaparents of northern
origin, with bud-burst occurring some days lateerevable to unfold and develop full-sized
leaves faster than genotypes with early bud-buits. genotypes of southern origin (55° 53
to 57° 31'N) had a period from bud-burst to defidia 27 days longer than that of genotypes
of northern origin (60° 22’ N). They further obsedvthat hybrid aspen genotypes from 55°
to 57°N responded well to northward transfer, hg\arlonger leafy period and greater height
increment than southward transferred genotypesy €becluded that Northward-transferred
genotypes were apparently better adapted to clicteaage of the growing season at higher
latitudes.

Smitha and Thondaiman (2016) examined the reprodubiology of Saraca asoca
(Roxb.) from the end of December to the beginnihllay; the species have fragrant flowers
in paniculate-corymbose inflorescences, with pdaWwdring in February and March. The

anther dehiscence, stigma receptivity, and inseotity coincided with anthesis. Within two
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hours of anthesis, pollen viability was at its peakl then declined until no pollen remained
viable after six hours. At the time of anthesig stigma was responsive, and it lasted for 24

hours.

Vanbevereret al. (2016) carried out a study on phenology in 12 pgpRopulus
genotypes and observed that the beginning of augenescence following coppicing was
the same as it had been the year before. It wasnads$ that the duration of the growing
season in terms of leaf area was shorter and tifeal®a index was higher in the year
following coppicing compared to the year beforetha year following coppicing, the highest
seasonal LAI value was twice as high as it washa year prior to coppicing due to the
change from single- to multi-stem coppiced stodg: to 46 shoots per stool appeared

following coppicing.

Ballian and Sito (2017) conducted a study on thewvtit and phenology of fourteen
European provenances of Scots pine at the intermratexperimental plot at Zepce, Bosnia.
They analysed phenological development that theneariability between all provenances.
They observed that the phenophase of early sigbsidfopening and subsequent elongation
first appeared on 18 April and last appeared oMa9, in Romania provenance. The earliest
appearance of this phenophase in the remaining mioeenances was on April 22. This
phenophase lasted an average of 29 days befongpdeang on May 24. They concluded
that the phenological characteristics of bud barsd needle formation indicate that these
observations need to be continued in order to ew@lthe success and genetic variability of

the provenances.

Shivaprasaet al (2017 observed leaf initiation and new leaf emergemcseicond and
last week of December, respectivelyDipterocarpus indicusaving light green, while the
stipule's colour remained pink/red in Western ghlatdia. They noticed flower bud initiation
in the beginning of third week of December andticwing through the end of January 2013
and 2014. The flowers were produced on prominemipmng axillary racemes, complete,
actinomorphic and hermaphrodite and a pink stripe present in the centre of the five white
petals of the corolla with twisted aestivation. Tgeak floral anthesis was seen between 8:00
and 10:00 a.m.

Cehulicet al. (2019) studied that the drought treatment hadbstantial impact on

the leaf phenology of plants from most of the tégimvenances (p 0.001) Quercus robur
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Drought caused flushing phenology to transfer pvesulting in delayed bud burst
(from 0.6 to 2.4 days) in the second year and ackaibud burst (from 0.1 to 6.3 days) in the
third year. As a result of variances in the tim&g& when plants experienced water
deficiencies, opposing shifts in flushing phenolaoggy be caused. Autumn leaf phenology
was unmistakably delayed following drought treatteefor all tested provenances, in
contrast to flushing (from 2.1 to 25.8 days). Diffieces in late frost sensitivity were
primarily due to flushing phenology differences veen provenances. The drought
treatment, on the other hand, increased the planbserability to frost (the rate of frost-

injured plants per provenance increased from Zeetto 78 percent).

Msukwaet al. (2019) assessed the phenology of 22 genotyp&slefocarya birrea
(A. Rich.) Hochst. and found highly significant (P01) differences between provenances in
all of the phenological traits. They observed flowg overlaps and synchrony between
provenances and sexes with males flowering edHeer females anebrly and late flowering
genotypes have evolved as subpopulations. Theydeddhat fruit requires 762 to 192+15
days to mature between August and January, whénedate flowering genotypes flowered
and have fruit from September to May. They furtbbserved that between leaf flush, bud

set, and flowering, there was a very strong pasitionnection ranging from r=0.81 to r=0.78.

Hidayat and Suhendri (2020) investigated the impakctmicroclimate on the
flowering and fruiting cycle ofAcer laurinumtrees planted in 1986 at Cibodas Botanical
Garden in Cianjur, West Java. They used a rigorquantitative analysis based on
exploratory inventory observations of flowering dndgiting from early January to April and
from September to December at the end of the ysawell as high-period precipitation and
found that the phenology of flowering and fruitimgas not considerably impacted by the

dynamic changes in the other micro-climate units.

Sasidharamet al (2020) carried out a study on the floral biolajyDalbergia latifolia
and D. sissoidesand found that the two species showed a large amounaéty in their
phenological characteristics & latifolia flowered in August or September and began to
have fruit in October and in case bf sissoidesflowering began in the second week of
March and lasted up to the end of the month aneé pavduced fruits in April. They further
noticed that both species' flowers produced an @ge of nectar with high sugar content
and sticky pollen grains, which were the indicasioof adaptations for insect and bird

pollination.
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Adler (2021) studied growth and phenology traitsoas six climatically diverse
locations in Sweden and the Baltics to calculatati+sense heritability and genotype-by-
environment (GE) interactions. They investigated gossibility that the early growth of
particular poplar clones in Northern Europe is gigantly influenced by both bud burst and
bud set. For that reason, reference clondopiulus trichocarpdhat had been adapted to the
climate of Central Europe were compared with prevee hybrids that had been suited to the
environment of Northern Europe. He found that phag traits had heritabilities ranging
from 0.31 to 0.91. By examining G—E interactions,dame to the conclusion that phenology

was a key selection factor after growth for setertiones.

Diatta et al. (2022) found that the development of leavesAnacia senegatrees
began prior to the commencement of the rainy seasibim blooming and fruiting happening
during the rainy season and concluded that leagldpment was not triggered by rain but by
phenology inA. Senegals genetically controlled, as significant changegopulations and
ploidy levels were seen when cultivated at the s#mation. They found thatearly leaf-
flushing trees had a longer growing period andqreréd better than later leaf-flushing trees
in terms of growth at the tested site. They alsticed that differences in phenology across
trees appear to be linked to climate differencethair origin sites since the timing of leaf
development in the common garden and the timindp@fainy season at the origin site were
significantly correlated for diploid trees (not feetraploids). They further observed that

diploid trees from places with a late rainy sedsad formed leaves the earliest in the year.

Hernandez-Maximoet al. (2022) noticed significant genetic diversity in flea
phenology features, both within and within populas ofCedrela odoratgrovenances. The
genetic variation in leaf-out traits was higher nthia leaf-fall features. The population
differentiation (Qst values) for leaf-out was 2-ihés higher than those for leaf-fall,
indicating a moderate to significant genetic diitgreamongCedrela odoratapopulations.
Leaf fall was predominantly influenced by mean airiemperature, whereas leaf out and the
length of the leafless phase were influenced bylygaecipitation and the aridity index of
the origin site. They recorded that leaf phenoltaatures indicated moderate to high genetic
control (h2i = 0.12-0.67). They concluded that edhlishing genotypes can be selected
within populations to promote adaptability and gtiowlue to genetic relationships between
leaf phenology and growth attributes, but cautidloutd be exercised when selecting
between populations.
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Orlandiet al. (2021) observed different phenological behaviouthieeSalix species
i.e. Salix acutifolig S. smithianandS. viminalis S. acutifoliamanifested no trend for spring
and autumnal phaseS, viminalispresented low significant trends whi smithianawas
that with the more evident tendencies for all tlmstidered vegetative phases during the
study period. The reproductive phase for &ajix species during the study period was not
influenced by the different meteorological variabbnd suggesting that photoperiod in this
case may play an important role. The more evidaenplogical trends were represented for
two Salix species by the advance of the leaf developmeningluspring and by the
progressive delay of the senescence during the@#asbf the summer. They noticed that the
fallen leaves phase was recorded an average oWwkeds later during the last years of the

study period

Singhet al.(2021)investigated the phenology and reproductive bioloigten trees of
Prosopis cineraria(L.) Druce and concluded that defoliation started in the moath
November and persisted through the end of JanU&gy observed that complete defoliation
occurred prior to the beginning of fresh vegetatiwvewth, and new leaves only began to
emerge after all of the old leaves had fallen Biffey further observed that towards the end of
February, the fresh leaves began to emerge, ioitiatf the panicle began in the first week of
March in the trees that were chosen at randomjtdadted until the second of April when
the flower buds began to open, from the first @ tthird week of April. They noticed that on
the same tree, fresh flowers were grown at vanmmrsds due to the asynchronous flowering
pattern and from the second week of April until thed week of May, the trees were in full
flowering. They further noticed that flowering'sgk duration ranged from 13 to 24 days and
by the first week of June, flowering was over. Fwming lasted from 27 and 49 days. At the
end of April, normal fruit setting was seen on thé labelled trees. They monitored pod

maturity from May 23 to June 4.

Pandaet al (2021) conducted a study on the impact of climgiatterns on
phenophase and growth of multi-purpose trees ahneestern mid-Himalayan ecosystem.
They found that new leaf buds appearedGaitis australis Melia. azedarachand Toona.
ciliata by 158" February, which was followed by bud bursting ia #th week of February and
leaf flushing (dark green leaves fik. azedarachsmall reddish-brown leaves for ciliata)
in the first week of MarchM. azedaracltrees held onto their leaves until the final weék o

October and leaf fall happened in the final weelkNovember. Similar to other specids,
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ciliata entered senescence from"2Beptember to f5November. From December through
January, neithef. ciliata nor M. azedaraclproduced any leave€. australiswere leafless
from the last week of December and throughout tlotin of January. In the last week
of February, there was a development of new ledslmnSapindus mukorossind Robinia
pseudoacaciawhich was followed by bud burstingSd5"March) and the emergence of
fresh green leaflets (fs20"March).S. mukorosss' leaves matured between November 5 and
November 15, and they dropped off in December. Riwarfirst week of September through
the end of SeptembeR. pseudoacacidrees lost their leaves, and from October through

February, the trees were leafless.

2.2 POLLEN STUDIES

Boden (1958) studied the handling and storage témpan Eucalyptusbreeding. He
observed considerable variation in both pollen potidn and germination and pollen tube
growth despite of adverse weather conditions. & whserved that at low temperatures the
rate of germination and pollen tube growth was slelewever, pollen tubes which have
commenced to grow, responded to temperature inerand in cold regions there was a

diurnal fluctuation in tube length extension, réisigl in successful fertilization.

Ahlgren and Ahigren (1978) performed experimentsttaly the viability and fertility
of vacuum-dried pollen of 5 — needle pine spediégy observed that iim-vitro tests, pollen
of all species (eastern white pine, Korean pingkdapine, Swiss stone pine and Himalayan
pine) remained viable for 5 or more years. Easteniie pine pollen remained viable for 8
years and Swiss stone pine for 12 years or more.

Rodriguez and Barrow (1986) evaluated several nasthaf storing cotton pollen
(Gossypium hirsuturh.). They observed that storage under ultra-lowgeratures in liquid
nitrogen or at 5 C was not successful. No storage method maintguodieén fertility for
more than 72 hours. Cotton pollen did maintaingadge fertility for up to 24 hours at 4D
and 13cC, at both low and high humidity when the pollen wésred in the detached flowers.
It was further noticed that minimally acceptabldlgro fertility was maintained in flowers
stored at 15C at 100% R.H. for 72 hours.

Nagarajanet al. (1998) studied the pollen sterility and viailiin clones of

Tamarindus indiceL. and found that all clones were determined toehaery low pollen
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sterility. Pollen viability was 88 per cent up ta8ys under natural conditions (37 to 40 °C),
but 97 per cent up to 100 days when kept at 4 1@r& were two different sizes of pollen
generated (4@um to 42um and 22um to 25um), with the number of smaller pollens

increasing during late flowering seasons mayberasut of inadequate nourishment

Ng and Corlett (2000) conducted a study of pollexirng of sixrhododendron species
that grow wild in Hong Kong:Rhododendron farrergeR. simsijR. moulmainenseR.
championiagR. hongkongensandR.simiarum They found sticky viscin threads and pollen
tetrads. Vibrations induced by visitors moving arduhe flowers and strong winds might
readily release pollen-loaded viscin from the arglmhey further noticed that as pollen tetrads
were occasionally seen inside unopened flowersatitieers must mature before the flowers

open.

Kopp et al (2002) conducted two experiments to test thecaffeness of various
organic solvents for willowSalix tetraspermgapollen collection and observed that toluene
and carbon tetrachloride were effective for pokeitraction, with average pollen germination
percentages that were >15%, but both chemicalsceetlpollen viability by 10-20%
compared with untreated control based on in vigorgnation tests. Toluene is the preferred
solvent for willow pollen extractions because i effective as carbon tetrachloride and is
not a known carcinogen as well as less expensi&erPextracted with carbon tetrachloride
or toluene was successfully used in controlled ipation, and >100 new families were
produced with this technique. Pollen viability renea high after 18 months of storage at -
20°C.

Tandonet al (2003)studied pollen morphology and pollen viability afedind that
the exine was reticulate, and pollen grains wareriocolporate. They further noticed that a
flower contained, on average, 52775.49 + 1698.0@pgrains (n = 20) and the anther from
the free stamen had a significantly smaller numd@&34.83 + 329.22), compared to the
anther from the nine fused stamens, which each 5882 + 340.76 pollen grains. Slightly
more than 37 per cent of pollen grains were fouridriile. They found that at the time of
anther dehiscence, about 63 per cent of pollemgrakere alive but viability decreased to

around 45 per cent after 24 hours and to 30 pdraftar 48 hours, at room temperature.

Sunnicharet al (2005) studied the phenology, floral biology gmallination ecology

of Boswellia serrateRoxb. in a forest near Ghatti Gwalior, Madhya Pradesih fanind that
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when viewed from the equator, pollen grains rangenfspherical to oval and had a
trizonocolporate composition and a somewhat rugulesine. The average pollen grain
diameter for large anthers was 68.5 + @i, while the average pollen grain diameter for
smaller anthers is 60.5 + 1.im. A flower produces 10044 + 1259 pollen grainsoital. The
number of pollen grains produced by each largeearitbm the outer whorl was 1624 + 286,
whereas the number of pollen grains produced bly saxall anther from the inner whorl was
474.5 = 119. The ratio of pollen to ovules was 334Based on results from acetocarmine
staining, a significant number of pollen grains.g+ 4.5) from both the large and small
anthers were found viable. They further noticed thaoth kinds of anthers, the viability of
pollen grains as assessed by an FDA test was @sd8b + 4.89). The pollen sample kept in

a lab steadily lost viability and had 0% viabildfter seven days.

Vermaet al (2011) investigated floral biology and pollen tiang of Grewia optiva
and they observed that flowering buds started appgealong with the appearance of new
leaves at end of March. The dehiscence of antlodr péace prior to anthesis and the process
of dehiscence took place within 10-20 minutes. Tkaynd that pollen grains were dark
yellow in colour and the size of pollen varied fret8 to 53.1 microns in size in different
genotypes. They further recorded the percentagkertfe pollen grains of the individual
plant and the average viability percentage vaniethf77.19 to 80.30 per cent. The maximum
receptivity of the stigma was observed when thgnsdi becomes shiny, sticky and has some

viscous liquid on the surface but the receptivmains for a very short period.

Choudhary and Singh (2013) carried out a polledystf Salix species and for that
purpose pollen grains of different species/ clorerencollected in bulk from January to
March 2009-2010, both by solvent and by directaotion from catkins. They recorded the
size of pollen ranged between 40.49u in clone B16220.20u InS. babylonica. In- vitro
pollen germination percentages of directly colldatentrols viz..S. tetraspermdcontrol 1)
andS. alba(control 2) were maximum of 54.28 per cent, 5960 cent and 63.58 per cent,
62.88 per cent in 2009 and 2010 respectively aspeosd to pollen extracted with toluene.
The average pollen germination percentage was imotlee year 2010 as compared to the
average pollen germination in 2009. Similarly, pollviability percentages of pollen
extracted with toluene were lower than both of directly collected controls in 2009 and
2010.
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Shivaprasadet al (2015) conducted a study on pollen grainsGmnamomum
sulphuratumand found that there were up to 12 anthers pamildn 2011, 2012, and 2013,
the amount of pollen produced and pollen viabiigre 7536, 7753, 8470 and 82.60, 80.69,
and 87.73%, respectively. In Brew Baker media, gaecentage of pollen germination was
seen to be 60.97+£13.91. The ratio of pollen to eswas 1256 in 2011, 1292 in 2012, and
1411 in 2013.

Prasanneet al (2015) conducted a study on the pollination egplof Canarium
strictum in the Agumbe forest range of Western Ghats, Kak@atand observed that the
average pollen count from male flowers with funetibpollen was 29904 counts per flower
and the average pollen-ovule ratio was 4984. They @bserved that pollen germinatied
vitro at a mean percentage of 55.82. With TTC and feemece tests, the average pollen
viability was 90.82 and 93.13 per cent respectively

Usmaniet al. (2016)carried out studies on phenology and reprodudtigtogy in 15
populations ofRauvolfia serpentinglL.) Benth. ex Kurz (2n = 22). They observed ttra
stigma was most receptive one day before anthbsisyeen 08:45 and 09:15 a.m. They
further found that per flower, there were four @ajl225+ 20 pollen grains per anther, and
1125+ 100 pollen grains overall. There were twdins sizes of pollen grains (82.5£5 and
52.3 £5 Im), and their viability ranged from 8596 per cent. They observed shiny, sticky,
fresh and attractive stigmas to be receptive whu#, dried, faded and brownish stigmas

were considered non-receptive.

Renjumol and Radhamany (2017) studied the phenplpgNination, and breeding
system ofAcacia nobilisin Thiruvananthapuram district and observed thagiroduced a
considerable amount of pollen, with only 2945 pentcviability in an FDA test and 35 per
cent in vitro germination in B&K media, with onlybZer cent germinating on the stigmatic

surface. The open-pollinated plant produced thet fimsers and fruit.

Shivaprasadet al (2017 found that pollens oDipterocarpus indicusBedd. were
elliptic or circular in form, monad with radial synetry, and 3-colpate. The average number
of pollen grains per anther, which ranged from 20200, was 742 grains, and there were
22260+5426.27 grains per flower in 2011-2012 whitanged 200 to 960 with an average of
548 pollens per anther in 2012-2013, and 16440+@P08ollens per flower in 2013-2014.
In Brew baker media, the percentage of pollen geatron was 52.64+13.41% (Meanzx S.D).
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In 2011 and 2013, the average pollen viability 8@94% and 57.68% respectively. The

pollen:ovule ratio in 2011, was 3710, whereas b3 was 2740.

Chandaet al. (2019) conducted a study on pollen morphology at Bangladesh
Agricultural University, Mymensingh, Bangladesh &ondnd thatpollen grains were monad,
tricolpate, prolate an&esbania bispinosgollen grains have the thickest exine (2.470.47 m)
and the highest P/E ratio (1.81), while cannabingpollen grains had the thinnest exine
(1.160.21 m and 1.57, respectivelg). cannabinahad the highest pod setting (50.35%), and
S. sesbarratoon had the lowest (21.68%). They further rmatichatS. bispinosahad the
highest seed setting (91.06%) wHiecannabindad the lowest (87.78%).

Kadri et al. (2021) conducted a study to evaluate the impacpaifen storage
temperature and duration, pollination time follog/ispathe cracking and the hour of daytime
on pollen viability, germinability, fruit set andeyd of date palm cultivar. It was observed
that in vitro tests, fresh pollen showed the maximum viabil@p.8%) and germination
(85%) but it decreased thereafter upon the stageerature (28, 4 and “30) and duration
(3, 6, 9 and 12 months). In this respect, pollemest at -30 C retained the highest viability
and germinability followed by those stored at 4 #meh 28C.
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Chapter-3

MATERIALS AND METHODS

The present investigation entitledPienological behaviour and reproductive
biology of Salix tetrasperma Roxb.” was carried out in the experimental field andolatory
of the Department of Tree Improvement and Genegisddrces, Dr. Y.S. Parmar University
of Horticulture and Forestry, Nauni, Solan (H.Ruyidg 2021-2023. The experimental details
relating to the experimental site, material used arethodology adopted for the study is

described under the following headings:

3.1 EXPERIMENTAL SITE
3.2 EXPERIMENTAL PROCEDURE
3.3 STATISTICAL ANALYSIS

3.1 EXPERIMENTAL SITE
3.1.1 Location

The experimental site is located at 1200 m abovanmsea level in north-western
Himalayas and between 30°51' N latitude and 7&1lbngitude. The annual rainfall ranges
between 800-1300mm with maximum downpours duriggntonsoon season. The genotypes
collected from different regions or sites were pganat the experimental area, i.e Naganji
nursery of Department of Tree Improvement and Gemesources for the study in the year
2021-23. The experiment iie-vitro pollen studies and germination were carried ouhe
laboratory of the Department of Tree improvementl &enetic resources. The details
regarding the latitude, longitude and altitude loé tsites from where the genotypes were

collected (Sharmat al.,2021) are given in Table 1 and Figure 1.
3.2 EXPERIMENTAL PROCEDURE
3.2.1 Phenological characters

3.2.1.1 Vegetative bud swell

In order to study the time and duration of leadl Iswell, three genotypes per site were
taken into consideration. Among selected genotyfieéee branches in different directions

were selected, the date of the first and last el svas recorded and days were counted.



Table 3.1. Latitude, longitude and altitude of thecollection sites ofSalix tetrasperma

genotypes.
Sr. No. | Site State Latitude Longitude Altitude
(°N) (°E) (m amsl*)

1 Devamanal| Himachal Pradesh 30.917 77.522 1026.0
2 Jakholi Uttrakhand 30.519 78.973 1405.50
3 Rampur Himachal Pradesh 31.592 77.624 942.50
4 Rupnagar Punjab 31.021 76.650 256.50
5 Tandi Punjab 31.059 76.228 298.00
6 Suhanpur Punjab 31.549 75.444 176.50
7 Hamirpur Himachal Pradesh 31.830 76.58% 649.00
8 Namhol Himachal Pradesh 31.472 76.919 1094.00
9 Bhunter Himachal Pradesh 32.485 77.196 1108.00
10 | Chinani Jammu & Kashmir 33.144 75.513 1116.50
11 Jammu Jammu & Kashmir 32.894 74.90% 287.50
12 Deothi Himachal Pradesh 31.135 77.141 1424.00
13 Balh Himachal Pradesh 31.568 77.063 1153.5(
14 | Chowari Himachal Pradesh 32.668 76.059 987.00
15 | Chamba Himachal Pradesh 32.673 76.233 896.00

*amsl = Above mean sea level

3.2.1.2 Vegetative bud burst

The time and duration of leaf bud burst were natedn in all the selected branches

in each genotype of each site and days were counted

3.2.1.3 Leafing / Leafy days

To study leafing/ Leafy days, the date of leafiatibn was recorded and observation
continued till the last leaf burst, leaf attainedximum size and duration up to which the
genotype retained the leaves and the days werdeashun
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Figure 1. Locations of collections sites of genotgs ofSalix tetrasperma
3.2.1.4 Leaf Shedding (days)

The days were counted from first leaf fall to 5 pent, 80 per cent, complete leaf
shedding, 50 to 80 per cent, 80 to complete letfdaiad 50 per cent to complete leaf
shedding. Complete leaf shedding was consideredh ah®r about 2-3 leaves were retained

on the branch.

3.2.2 Reproductive characters
3.2.2.1 Floral bud swell

The time and duration of bud swell were recordedsblecting three branches per

genotype and the date of first and last flower well was recorded on these branches.
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3.2.2.2 Floral bud burst

To study the time and duration of floral bud burmtree branches in different
directions of each genotype were selected and rdaahd the first and last flower bud burst

date was recorded.

3.2.2.3 Catkin development

During the development of flower bud or catkin mangrphological changes like
change in their shape and size took place and eleerved from the time of their emergence
to the anthesis stage. So on the basis of theiingisshable characteristics; they were
grouped into five stages of bud development (Chandh2011). In order to record
observations on bud development, the buds on efaitie dhree branches per genotype were
tagged just after the initiation of bud and thenges that occurred from one stage to another

were recorded.

3.2.2.3.1 Stage |

The first stage of catkin development is the vigipf the generative bud swelling
that indicates the starting of expansion of infkmence. The tissues (contents) of the
generative buds remain enclosed within the budescatl this stage.

3.2.2.3.2 Stage Il

The next stage was defined by bud bursting antligtstage; the inflorescence gets
enlarged while pushing off the bud scale and tflerescence tissue starts becoming visible

through bud scale which got spilt.

3.2.2.3.3 Stage Il

At this stage, around 50 per cent of the infloeese or catkin got elongated and
extended considerably beyond the bud scale. Morethwe bract hairs start becoming visible
and there was rise from the inflorescence main. akisthis stage, the development of
stamens started in male plants while distinguishabld highly receptive stigmas on fifty per

cent of catkins in pistillate genotypes.

3.2.2.3.4 Stage IV

This stage is characterized by anthesis reachiity fper cent or more of the
inflorescence with the male catkins having brigbibared pollen on their stamen and visibly

receptive stigma.
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3.2.2.3.5 Stage V

At this stage, around ninety-five per cent or mibr@n that inflorescence reached the
maximum elongation and expansion in terms of lengjtithers had started liberating most of
the pollens and the stigma started becoming nogpte®. The catkin length was measured
with the help of a measuring scale.

3.2.2.4 Flowering period per branch

The date of initiation of flowering and the lasbvler on selected branches was
recorded and days were counted.

3.2.2.5 Anthesis duration per catkin

In order to record the duration of anthesis pékinahe date of the first opening of
the floret up to last opening of the floret on &oawas recorded by selecting five catkins on

a branch.

3.2.2.6 Pollen studies
3.2.2.6.1 Pollen collection
a) Direct pollen collection

In order to analyze pollen viability and pollerrgénation, the male catkins that were
ready for pollen dehiscence were bagged in butipepin the evening and freshly released
pollen was collected the next morning. Male catkhret were maturing in a lab setting were
taken at the pre-anthesis stage and put on papetssthat were kept in partial sunshine. The
pollens were released onto the filter paper sheeis these pollens were then dried in some
shade and removed from the filter paper using ailesteamel hair brush. To avoid

contamination from any other sources, all of thkegmosamples were collected separately.

b) Solvent method

The catkins were plucked after the flower bud bargl the majority of the anthers
were pollen-shedding. Flowers were taken out aridma beaker. Solvent was then poured
over the flowers, completely covering them, so tiesty get submerged in a solvent. The
pollen from the anthers was then gently stirred iauthe beakers for 60 seconds. Pollens
were filtered using Whatman filter paper 1 to saathem from the solvent, and then they

were removed from the filter paper using a stexdmel hair brush.
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3.2.2.6.2 Pollen germination and viability

Pollen germination and viability was studied usimyitro assay and staining method

respectively and expressed as germination percemtad) viability percentage respectively.

3.2.2.6.2.1 In-vitro assay

Using the hanging drop technique proposed by Mesg&b89) forSalix species with
slight modification. Pollen germination of freshdytained pollen was examin&uvitro. A
drop of germination media containing 15 per centvjrsucrose, 0.001 per cent (m/v) and
H3BO, having pH 5.0 was placed on the cavity slidesngys sterile, disposable plastic
pipette tip, pollen was placed to the media placedmicroscope cavity slides by gently
rolling it across the medium. To prevent evaporatmd ensure enough gas exchange, the
slides were placed inverted on wet paper towelgénsealed plastic containers at room
temperature. For each replication, the number depayrains that germinated after 16-24
hours of incubation was counted. When a pollen whs visible and had a length that was
equal to or larger than the pollen grain's diamekber pollen grain was considered germinated

when observed under a microscope at a 40X magtdica

3.2.2.6.2.2 Staining method

The viability of freshly collected pollens was exasd using a solution of 2%
acetocarmine and for that, using hair brush; poll&s sprinkled onto clean microscope
slides. A drop of acetocarmine solution was theplied, and the slides were left in this state
for 10 to 15 minutes to allow the pollen to abstre stain. With a microscope, the pollen
mass was inspected. Viable pollen was defined agndpaa deep stain and a normal
appearance, whereas nonviable pollen as those ghavlight or no stain as well as being
shriveled and was expressed as a percentage.

3.2.2.7 Stigma receptivity

3.2.7.1 Visual observation of stigmatic surface

The change in the appearance of stigma was oluséreen 24 hours before the
opening of the bud till it withered completely. THleiny watery white stigma was considered

receptive while dull and dark brown or black cokdinvas accounted non-receptive.
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3.3 STATISTICAL ANALYSIS

The data obtained for crosses (progenies) was elj¢o statistical analysis as per
the design. The statistical analysis for each patanwas carried out on mean values and the
analysis of variance (ANOVA) table was set up adeun

3.3.1 Analysis of variance (ANOVA) Table for RBD

Data will be analysed by using the following model

=t s+ 1+ g
[ = 1,2,......... c
] = 1,2,......... r
Where,
Yik = phenotypic observation df entry and replication
M = general mean of population
S = effect of I" site
f = effect of " replication, and
8 = error component
Source of Degree of | Sum of Squares Mean Sum off F Cal F Tab
Variation Freedom Squares
i i - 1 ) 5 - _ _
Replication r-1 S=IEyf—C.F. M,= i Mr F(r-1),(t-1)(r-1)
Me
Site s-1 T — = Ms F(t-1),(t-1)(r-1
S=. Zyi'—CF| M= Ms (t-1),(-1)(r-1)
Me
Error (r-1)(s-1) By subtraction M= ——
g—1

Similar ANOVA table was used for comparison of ggpes.

Where,
r = No. of replication
S = No. of sites
M; = Mean sum of squares due to replications
Ms = Mean sum of squares due to sites
Me = Mean sum of squares due to error
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3.3.2 Critical Difference (CD)

The significance of differences among the treatrmeeans was tested by ‘F’ test.

Wherever ‘F’ test was found significantk] critical difference was calculated to test the

significance between any two treatment means
The critical difference (CD) was calculated as unde

CD = SE X t05 error degree of freedom
Where;

SEy = Standard error of difference calculated as:

Sk = \2Mée'r

to.oserror degree of freedom = T value at 5 per cent la} of significance.
3.3.3 Variability and genetic parameters
Genotypic, Phenotypic and environmental varianeg® calculated as follows:

Coefficient of variability were worked out as sugtpel by Burton and De Vane
(1953) and Pillai and Sinha (1968).

PCV (%) = /% x 100 Vp = Phenotypic variance
Vg Vg = Genotypic variance

GCV (%) = X  x 100

ECV (%)= V Ve x 100 Ve = Environmental variance

X
Where,
PCV = Phenotypic Coefficient of Variability
GCV = Genotypic Coefficient of Variability
ECV = Environmental Coefficient of Varialtyi
X = Population mean of character

SD
CV (%) 5 % | * 100
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Where,
SD = Standard deviation

X = Population mean

3.3.4 Heritability (Broad sense)

Heritability in broad sense was calculated as esiggl by Burton and De-Vane
(1953) and Johnsaet al (1955).

Ro= Y9y 100
Vp
Where,
hs = Heritability (broad sense)
Vg = Genotypic variance
Vp = Phenotypic variance

3.3.5 Genetic Advance

The expected genetic advance at 5 per cent seleictiensity was calculated by the
formula suggested by Lush (1940) and further usgdBbrton and De-Vane (1953) and
Johnsoret al.,(1955).

{ﬂ} x(Vp)xK

Vp

Genetic Advance (GA) = Where,

Vg = Genotypic variance
Vp = Phenotypic variance
K = Selection differential at 5 per cent sélen intensity.

The value of K =2.06 (Allard, 1960).

3.3.6 Genetic gain

Genetic gain was worked out following the methadjgested by Johnsoet al.
(1955) as under:

GA
Genetic Gain (%) =— x 100

X
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3.3.7 Correlation Coefficient:

The correlation coefficient will be worked out bging following formula (Panse and
Sukhatme, 1967)

COV(XEY)

r - Reros mrrer
W V)

Where,
Ty = simple correlation between x and y
V(X) = variance of ‘X’ variable
V(Y) = variance of 'Y’ variable
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Chapter-4

RESULTS AND DISCUSSION

The present investigations entitlétPhenological behaviour and reproductive
biology of Salix tetrasperma Roxb.” was carried out in the Department of Tree Improsem
and Genetic Resources, College of Forestry, N&wolgn (H.P.) during 2021-2023 to study
the variation in the phenology, pollen viability cargermination among the different
genotypes ofSalix tetraspermaRoxb. The results obtained from the study have been

presented under the following headings:

4.1 Phenological characters

4.1.1 Vegetative bud characters
4.1.2 Leaf days
4.1.3 Leaf shedding duration

4.2 Reproductive characters

4.2.1 Reproductive bud characters
4.2.2 Flowering characters

4.2.3 Pollen viability and germination
4.2.4 Autumn season flowering

4.3 Estimates of Genetic parameters
4.4  Correlation

4.1 PHENOLOGICAL CHARACTERS

Genotypes collected from different sites locatedUittrakhand, Punjab, Himachal
Pradesh and Jammu and Kashmir in 2017 were plantdee year 2018 for evaluation for
reproductive and phenological traits under fieldhdibons at Naganji experimental area.
Analysis of variance revealed significant variatifum characters viz., time taken to bud

swell, bud burst, leafing and leaf fall among difiet genotypes dalix tetrasperm&oxb.
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4.1.1 Vegetative characters
4.1.1.1 Vegetative bud swell duration in spring 2@and 2023

A perusal of Table 4.8hows that vegetative bud swell in spring 2022tethon 24-
12-2021 and lasted up to 12-02-2022 whereas dagtandpd in Table 4.2 showed that
vegetative bud swell in spring 2023 started on 222022 and lasted up to 09-02-2023.

Analysis of Table 4.7 showed that maximum dura{00) for vegetative bud swell
in spring 2022 was noticed in genotype CH1 thattatistically at par with genotype CH3
(28.67), BN2 (28.00), CH2 (28.0), BN6 (27.67), SR3.00), BN5 (27.00) and CW2 (27.00)
whereas minimum duration (22.67) was found in ggo@iCN2 and CN3. In the spring of the
year 2023 spring genotype CH1 showed maximum durgdf9.00) for vegetative bud swell
spring in the year 2023 which was statisticallypat with BN2 (28.67), CH3 (28.67), BN6
(28.00), CH2 (28.00), SP3 (27.67), DM5 (27.33), B&.33), DE1 (27.33) and DM3
(27.00) whereas genotype BL3 showed minimum budl slueation (20.33).

On close appraisal of Table 4.3, it was observatl glie-wise duration for vegetative
bud swell was 24-12-2021 to 12-02-2022 whereaselrdbt revealed that, vegetative bud
swell started from 22-12-2022 up to 07-02-2023.

It is evident from Table 4.8 that maximum durat{@8.56) for vegetative bud swell
in spring 2022 was noticed in site Chamba that stasistically at par with site Bhunter
(27.55) whereas minimum duration (23.22) was foun€hinani. The maximum duration
(28.56) for vegetative bud swell spring in the y@823 was noticed in site which was
statistically at par with site Bhunter (28.00) wées Balh showed minimum bud swell
duration (21.33).

4.1.1.2 Vegetative bud burst in spring 2022 and 262

Analysis of Table 4.Xevealed that vegetative bud burst in the spriagiest on 20-
01-2022 and last up to 25-02-2022 whereas appraidable 4.2 showed that vegetative bud
burst duration was from 09-01-2021 up to 16-02-2023

A perusal of Table 4.7 revealed that the maximumnation (16.00) for vegetative bud
burst during spring 2022 was recorded for genotip43 which was followed by NM2
(13.67), RN4 (13.33), HM1 (13.33) and BL1 (13.33)areas minimum (11.00) was recorded
for CH3, CH1, DE1, DE2 and JM1. On the other handthe spring of the year 2023,
maximum duration (16.00) was recorded for geno&Né which was statistically at par

36



a) Bud Swell b) Bud Burst initiation

c) Bud Burst stage 2 d) Bud Burst final stage

Plate 1.1: Vegetative Bud Swell and Bud Burst



with CN1 (15.33), CN2 (15.00), NM4 (14.67), CN3 @4) and NM2 (14.33). On the other
hand, minimum duration (6.33) was recorded for ggreRN3.

Table 4.1: Duration for vegetative bud swell and bd burst in the spring of 2022

Sr. No. | Genotype Vegetative Bud swell Vegetative Buburst
DM3 15-01-2022 to 10-02-2022 9-02-2022 to 25-02202
1. DM4 13-01-2022 to 8-02-2022 8-02-2022 to 24-02-2022
DM5 14-01-2022 to 10-02-2022 8-02-2022 to 26-02202
JAL 10-01-2022 to 05-02-2022 02-2-2022 to 15-022202
2. JA3 16-01-2022 to 12-02-2022 09-2-2022 to 24-022202
JA4 06-01-2022 to 01-02-2022 30-01-2022 to 13-02220
RP1 12-01-2022 to 05-02-2022 02-02-2022 to 17-02220
3. RP2 13-01-2022 to 07-02-2022 06-02-2022 to 19-02220
RP3 14-01-2022 to 09-02-2022 07-02-2022 to 13-02220
RN1 07-01-2022 to 31-01-2022 29-01-2022 to 13-02220
4, RN3 06-01-2022 to 31-01-2022 28-01-2022 to 12-0220
RN4 07-01-2022 to 31-01-2022 31-01-2022 to 14-0220
TD1 15-01-2022 to 09-02-2022 07-02-2022 to 21-02220
5. TD2 13-01-2022 to 09-02-2022 08-02-2022 to 22-02220
TD3 13-01-2022 to 09-02-2022 07-02-2022 to 20-02220
SP1 07-01-2022 to 02-02-2022 30-01-2022 to 13-02220
6. SP3 05-01-2022 to 01-02-2022 01-02-2022 to 14-(2220
SP4 07-01-2022 to 01-02-2022 31-01-2022 to 13-(2220
HM1 24-12-2021 to 20-01-2022 20-01-2022 to 02-02220
7. HM2 26-12-2021 to 21-01-2022 20-02-2022 to 02-02220
HM4 30-12-2021 to 26-01-2022 22-01-2022 to 07-022
NM2 02-01-2022 to 27-01-2022 25-01-2022 to 09-022
8. NM4 02-01-2022 to 28-01-2022 24-01-2022 to 08-022
NM5 02-01-2022 to 27-01-2022 25-01-2022 to 08-022
BN2 07-01-2022 to 04-02-2022 02-02-2022 to 17-022
9. BN5 05-01-2022 to 31-01-2022 01-02-2022 to 15-02220
BN6 07-01-2022 to 05-02-2022 02-02-2022 to 17-02220
CN1 09-01-2022 to 02-02-2022 01-02-2022 to 16-02220
10. CN2 10-01-2022 to 02-02-2022 02-02-2022 to 15-02220
CN3 12-01-2022 to 07-02-2022 02-02-2022 to 19-0220
JIM1 09-01-2022 to 05-02-2022 03-02-2022 to 17-0220
11. JIM2 09-01-2022 to 06-02-2022 31-01-2022 to 18-0220
JM5 09-01-2022 to 05-02-2022 02-02-2022 to 17-02220
DE1 06-01-2022 to 02-02-2022 31-01-2022 to 14-02220
12. DE?2 04-01-2022 to 31-01-2022 28-01-2022 to 10-02220
DE5 02-01-2022 to 27-01-2022 24-01-2022 to 09-02220
BL1 04-01-2022 to 28-01-2022 27-01-2022 to 11-02220
13. BL2 03-01-2022 to 29-01-2022 27-01-2022 to 10-02220
BL3 02-01-2022 to 28-01-2022 25-01-2022 to 09-02220
Ccwi 09-01-2022 to 06-02-2022 06-02-2022 to 17-02220
14. Cw2 11-01-2022 to 08-02-2022 07-02-2022 to 20-02220
CWs3 12-01-2022 to 08-02-2022 06-02-2022 to 20-02220
CH1 10-01-2022 to 10-02-2022 07-02-2022 to 20-0220
15. CH2 11-01-2022 to 09-02-2022 08-02-2022 to 21-0220
CH3 10-01-2022 to 09-02-2022 06-02-2022 to 20-02220
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Table 4.2: Duration for vegetative bud swell and bud burst during spring 02023

S. No. Genotype Vegetative Bud swell Vegetative Bunirst
DM3 09-01-2023 to 05-02-2023 27-01-2023 to 10-02220
1. DM4 08-01-2023 to 03-02-2023 25-01-2023 to 8-02202
DM5 08-02-2023 to 07-02-2023 26-01-2023 to 9-022202
JAl 04-02-2023 to 31-01-2023 24-01-2023 to 3-023202
2. JA3 08-01-2023 to 04-02-2023 24-01-2023 to 5-023202
JA4 05-01-2023 to 30-01-2023 24-01-2023 to 5-023202
RP1 07-01-2023 to 01-02-2023 28-01-2023 to 8-023202
3. RP2 07-01-2023 to 31-01-2023 26-01-2023 to 6-023202
RP3 09-01-2023 to 04-02-2023 24-01-2023 to 4-023202
RN1 03-01-2023 to 26-01-2023 17-01-2023 to 24-02320
4. RN3 01-01-2023 to 26-01-2023 12-01-2023 to 20-02320
RN4 01-01-2023 to 27-01-2023 15-01 2023 to 19-02320
TD1 09-01-2023 to 03-02-2023 18-01-2023 to 27-0230
5. TD2 08-01-2023 to 04-02-2023 19-01-2023 to 26-0230
TD3 08-01-2023 to 04-02-2023 21-01-2023 to 25-13202
SP1 06-01-2023 to 02-02-2023 16-01-2023 to 25-M320
6. SP3 04-01-2023 to 02-02-2023 18-01-2023 to 26-M320
SP4 05-01-2023 to 02-02-2023 17-01-2023 to 24-0320
HM1 22-12-2022 to 21-01-2023 15-01-2023 to 23-02320
7. HM2 25-12-2022 to 20-01-2023 14-01-2023 to 26-02320
HM4 28-12-2022 to 26-01-2023 09-01-2023 to 23-02320
NM2 01-01-2023 to 27-01-2023 24-01-2023 to 06-02220
8. NM4 06-01-2023 to 28-01-2023 18-01-2023 to 02-02220
NM5 31-12-2023 to 27-01-2023 19-01-2023 to 31-02320
BN2 04-01-2023 to 01-02-2023 22-01-2023 to 04-02220
9. BN5 02-01-2023 to 30-01-2023 24-01-2023 to 07-023220
BNG6 03-01-2023 to 02-02-2023 26-01-2023 to 09-02220
CN1 04-01-2023 to 28-01-2023 03-02-2023 to 19-02320
10. CN2 05-01-2023 to 31-01-2023 05-02-2023 to 20-02320
CN3 07-01-2023 to 03-02-2023 04-02-2023 to 16-02320
JM1 14-01-2023 to 10-02-2023 25-01-2023 to 04-02320
11. JM2 13-01-2023 to 11-02-2023 22-01-2023 to 05-02320
JM5 13-01-2023 to 09-02-2023 24-01-2023 to 06-02320
DE1 04-01-2023 to 02-02-2023 23-01-2023 to 07-02320
12. DE2 02-01-2023 to 30-01-2023 22-01-2023 to 05-02320
DE5 02-01-2023 to 27-01-2023 20-01-2023 to 04-02320
BL1 04-01-2023 to 28-01-2023 21-01-2023 to 31-02220
13. BL2 03-01-2023 to 29-01-2023 20-01-2023 to 29-02220
BL3 02-01-2023 to 28-01-2023 18-01-2023 to 30-02320
Cwi 09-01-2023 to 06-02-2023 23-01-2023 to 06-02320
14. Cw2 11-01-2023 to 08-02-2023 21-01-2023 to 05-02320
Cw3 12-01-2023 to 08-02-2023 26-01-2023 to 08-02320
CH1 05-01-2023 to 07-02-2023 29-01-2023 to 06-02320
15. CH2 07-01-2023 to 05-02-2023 25-01-2023 to 02-02320
CH3 06-01-2023 to 05-02-2023 23-01-2023 to 07-02320
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It is evident from Table 4.3 that duration for vegeve bud burst was from 30-01-
2022 to 26-02-2022 on site basis whereas Tablee4ehled that, vegetative bud burst started
from 09-01-2023 up to 19-02-2023.

Close appraisal of Table 4.8 showed that the maxirduration (13.67) for vegetative
bud burst during spring 2022 was recorded for Begamanal which was statistically at par
with Rupnagar (13.00) whereas minimum (11.11) weonmded for Chamba. Appraisal of
same table showed that for vegetative bud burghénspring 2023, maximum duration
(15.00) was recorded for site Chinani followed tig 8lamhol, Bhunter (14.00) and Chowari
(13.67). On the other hand, minimum duration (7.ts8)bud burst was recorded for site

Rupnagar.

4.1.1.3 Vegetative bud swell and bud burst during ole year 2022

Analysis of Table 4.5 revealed that vegetative bwell during the whole year 2022
started from 02-01-2022 up to 31-10-2022 wheregetative bud burst duration was from
14-01-2022 to 17-11-2022.

Close appraisal of Table 4.6 showing site-wiseysmsrevealed that during the whole
year 2022 vegetative bud swell started from 02-0222up to 31-10-2022 whereas vegetative
bud burst duration was from 14-01-2022 to 18-112202

Data appended in Table 4.7 revealed that maximuratidn (300.00) for vegetative
bud swell during whole year 2022 was observed mogge SP3 which was statistically at
par with TD2 (299.33), TD3 (298.67), SP1 (298.6/} &P4 (298.67) whereas minimum
(231.00) was recorded for CN3. The vegetative budstbwhole year duration was found
maximum in genotype SP1 (290.33) followed by SRBB(23), SP3 (287.67), TD3 (287.33)
and TD1 (285.33) whereas minimum was found in CAIB(00).

A perusal of Table 4.8 showed that the maximum ttng299.00) for vegetative bud
swell during whole year 2022 was observed in cdssi® Suhanpur which was statistically
at par with site Tandi (298.22) and Rupnagar (2B6\®hereas minimum (233.89) was
recorded for site Chinani. The maximum durationviegetative bud burst during whole year
duration was found in site Suhanpur (288.78) foddwby site Tandi (285.22), Rupnagar
(283.00) and Hamirpur (262.45) whereas minimuas ¥ound in Chinani (220.89).
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Table 4.3: Sitewise vegetative bud swell and bud kst duration for Salix tetrasperma
genotypes in spring 2022

Sr. No. Site Bud swell duration Rlburst duration

1 Devamanal 13-01-2022 to 10-02-2022 8-02-20256t022022

2 Jakholi 6-01-2022 to 12-02-2022 30-1-2022 to 24022

3 Rampur 12-01-2022 to 09-02-2027 02-02-2022 t02-2022
4 Rupnagar 06-01-2022 to 31-01-2022 29-01-2022t62L2022
5 Tandi 13-01-2022 to 09-02-2022 07-02-2022 to 222022
6 Suhanpur 05-01-2022 to 02-02-2022 30-01-2022t62:2022
7 Hamirpur 24-12-2021 to 26-01-2022 20-01-2022%DA-2022
8 Nambhol 02-01-2022 to 28-01-2022 24-01-2022 te0P2022
9 Bhunter 05-01-2022 to 05-02-2022 01-02-2022 71602-2022
10 Chinani 09-01-2022 to 07-02-20272 01-02-2022%6®2-2022
11 Jammu 09-01-2022 to 06-02-2022 31-01-2022 t62:3022
12 Deothi 02-01-2022 to 02-02-2022 24-01-2022 t®24£022
13 Balh 02-01-2022 to 29-01-2022 25-01-2022 to 232022
14 Chowari 09-01-2022 to 08-02-20272 06-02-20220:)2-2022
15 Chamba 10-01-2022 to 10-02-2022 06-02-2022 10222022

Table 4.4:  Sitewise vegetative bud swell and bud kst duration for Salix tetrasperma
genotypes in spring 2023
Sr. No. Site Bud swell duration Bl burst duration

1 Devamanal 08-01-2023 to 7-02-2023 25-01-2023t62-2023
2 Jakholi 04-02-2023 to 30-01-2021 25-01-202386)0-2023
3 Rampur 07-01-2023 to 04-02-2023 24-01-2023 t0D2023
4 Rupnagar 03-01-2023 to 27-01-2023 12-01-202%t6122023
5 Tandi 09-01-2023 to 04-02-2023 19-01-2023 to 28023
6 Suhanpur 06-01-2023 to 02-02-2023 16-01-202%t6122023
7 Hamirpur 22-12-2022 to 26-01-2023 9-01-2023 te) 272023

8 Namhol 01-01-2023 to 27-01-2023 18-01-2023 t®PR&023
9 Bhunter 04-01-2023 to 02-02-2023 24-1-2023 t®262023

10 Chinani 04-01-2023 to 03-02-2023 03-02-20239®2-2023
11 Jammu 14-01-2023 to 09-02-2023 22-01-2023 t623023
12 Deothi 04-01-2023 to 27-01-2023 20-01-2023 t®P2023
13 Balh 04-01-2023 to 28-01-2023 17-01-2023 to 2023
14 Chowari 11-01-2023 to 07-02-2023 21-01-2023%®P-2023
15 Chamba 07-01-2023 to 05-02-20238 23-01-2023 102£2023
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Table 4.5:

Duration for vegetative bud swell, bud brst and leafy days during whole
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b
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b
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b
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b

b
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p

b

p

year 2022
Sr. No. | Genotype Vegetative Bud swell Vegetative Bburst Leafy days
DM3 15-01-2022 to 15-09-2022  28-01-2022 to 24-022Q 28-01-2022 to 29-11-2022
1. DM4 13-01-2022 to 08-09-2022  25-01-2022 to 18-022Q 25-01-2022 to 17-11-2022
DM5 14-01-2022 to 10-09-2022  16-01-2022 to 18-022Q 16-01-2022 to 12-11-2022
JA1 10-01-2022 to 05-09-202P  26-01-2022 to 15-02220 26-01-2022 to 24-11-2022
2. JA3 16-01-2022 to 12-09-202P  29-01-2022 to 18-02220 29-01-2022 to 28-11-2022
JA4 05-01-2022 to 21-09-2022  15-01-2022 to 26-09220 15-01-2022 to 17-11-2022
RP1 11-01-2022 to 15-09-2022  25-01-2022 to 22-0222( 25-01-2022 to 07-12-2022
3. RP2 13-01-2022 to 19-09-2022  29-01-2022 to 26-02220 29-01-2022 to 07-12-2022
RP3 14-01-2022 to 17-09-2022  30-01-2022 to 25-0222(0 30-01-2022 to 03-12-2022
RN1 07-01-2022 to 31-10-2022  14-01-2022 to 12-122(0 14-01-2022 to 19-12-2022
4. RN3 06-01-2022 to 31-10-2022  15-01-2022 to 14-12220 15-01-2022 to 29-12-2022
RN4 07-01-2022 to 31-10-2022  16-01-2022 to 15-1222(0 16-01-2022 to 17-12-2022
TD1 15-01-2022 to 09-11-2022  22-01-2022 to 18-122(Q 22-01-2022 to 14-11-2022
5. TD2 13-01-2022 to 09-11-2022  22-01-2022 to 17-122Q 22-01-2022 to 15-11-2022
TD3 13-01-2022 to 09-11-2022  23-01-2022 to 18-1220 23-01-2022 to 18-11-2022
SP1 07-01-2022 to 02-11-2022  16-01-2022 to 17-12220 16-01-2022 to 01-12-2022
6. SP3 05-01-2022 to 01-11-2022  14-01-2022 to 15-124220 14-01-2022 to 30-11-2022
SP4 07-01-2022 to 01-11-2022  16-01-2022 to 16-12220 16-01-2022 to 03-12-2022
HM1 04-01-2022 to 11-10-2022  16-01-2022 to 19-1820 16-01-2022 to 18-11-2022
7. HM2 06-01-2022 to 10-10-2022  18-01-2022 to 22-1@20 18-01-2022 to 20-11-2022
HM4 02-01-2022 to 06-10-2022  17-01-2022 to 19-1a20 17-01-2022 to 20-11-2022
NM2 02-01-2022 to 27-09-2022  17-01-2022 to 03-1@20 17-01-2022 to 11-11-2022
8. NM4 02-01-2022 to 28-09-2022  19-01-2022 to 05-1@20 19-01-2022 to 13-11-2022
NM5 02-01-2022 to 27-09-2022  18-01-2022 to 04-1@20 18-01-2022 to 12-11-2022
BN2 07-01-2022 to 04-09-2022  27-01-2022 to 11-0920 27-01-2022 to 25-11-2022
9. BN5 05-01-2022 to 02-09-2022  26-01-2022 to 16-0220 26-01-2022 to 22-11-2022
BN6 07-01-2022 to 05-09-2022  26-01-2022 to 15-0920 26-01-2022 to 19-11-2022
CN1 09-01-2022 to 05-09-2022  31-01-2022 to 16-09220 31-01-2022 to 27-11-2022
10. CN2 10-01-2022 to 31-08-2022  02-02-2022 to 11-02220 02-02-2022 to 24-11-2022
CN3 12-01-2022 to 01-09-2022  03-02-2022 to 11-02220 03-02-2022 to 26-11-2022
JM1 09-01-2022 to 15-09-2022  21-01-2022 to 25-0922(0 21-01-2022 to 18-11-2022
11. JM2 09-01-2022 to 16-09-2022  25-01-2022 to 26-0922(0 25-01-2022 to 18-11-2022
JM5 09-01-2022 to 15-09-2022  28-01-2022 to 24-0922(0 28-01-2022 to 23-11-2022
DE1 06-01-2022 to 02-09-2022  15-01-2022 to 09-0922(0 15-01-2022 to 13-11-2022
12. DE2 04-01-2022 to 09-09-2022  15-01-2022 to 16-09220 15-01-2022 to 13-11-2022
DE5 02-01-2022 to 07-09-2022  22-01-2022 to 16-09220 22-01-2022 to 13-11-2022
BL1 04-01-2022 to 08-09-2022  23-01-2022 to 19-0920 23-01-2022 to 03-12-2022
13. BL2 03-01-2022 to 09-09-2022  18-01-2022 to 24-092(0 18-01-2022 to 01-12-2022
BL3 02-01-2022 to 08-09-2022  17-01-2022 to 24-0920 17-01-2022 to 01-12-2022
Ccwi1i 09-01-2022 to 06-09-2022  24-01-2022 to 18-09220 24-01-2022 to 25-11-2022
14. Cw2 11-01-2022 to 08-09-202P  25-01-2022 to 19-02220 25-01-2022 to 26-11-2022
CWs3 12-01-2022 to 08-09-202P  29-01-2022 to 19-02220 29-01-2022 to 28-11-2022
CH1 10-01-2022 to 12-09-202P  24-01-2022 to 23-02220 24-01-2022 to 17-11-2022
15. CH2 11-01-2022 to 14-09-202P  24-01-2022 to 24-02220 24-01-2022 to 20-11-2022
CH3 10-01-2022 to 15-09-202P  27-01-2022 to 21-02220 27-01-2022 to 19-11-2022

p

b

41



Table 4.6: Sitewise vegetative bud swell and bud k&t duration and number of leafy
days for Salix tetrasperma genotypes for whole year 2022

Sr. Site Bud swell duration Bud burst duration Leaf Days

No.

1 Devamanal| 13-01-2022 to 15-09-2022  16-01-202%4t09-2022 | 16-01-2022 to 29-11-2022
2 Jakholi 05-01-2022 to 21-09-2022  15-01-2022 t@262022 | 15-01-2022 to 28-11-2022
3 Rampur 11-01-2022 to 19-09-2022  25-01-2022 t0R@022 | 25-01-2022 to 07-12-2022
4 Rupnagar | 06-01-2022 to 31-10-2022  14-01-2025t01:2022 | 14-01-2022 to 29-12-2022
5 Tandi 13-01-2022 to 09-02-202R  22-01-2022 to 18022 | 22-01-2022 to 18-11-202P
6 Suhanpur |  05-01-2022 to 02-02-2022  14-01-202741:2022 | 14-01-2022 to 03-12-2022
7 Hamirpur | 02-01-2022 to 11-10-2022  16-01-20222€1@-2022 | 16-01-2022 to 20-11-2022
8 Namhol 02-01-2022 to 28-09-2022  17-01-2022 td 052022 | 17-01-2022 to 13-11-2022
9 Bhunter 05-01-2022 to 05-09-2022  27-01-2022 t®2€022 | 27-01-2022 to 25-11-2022
10 Chinani 09-01-2022 to 05-09-2022  31-01-20226@93-2022 | 31-01-2022 to 27-11-2022
11 Jammu 09-01-2022 to 06-09-2022  22-01-2022 t0R@022 | 22-01-2022 to 23-11-2022
12 Deothi 02-01-2022 to 09-09-2022  15-01-2022 t®36022 | 15-01-2022 to 13-11-2022
13 Balh 02-01-2022 to 09-09-202R  17-01-2022 to 942022 | 17-01-2022 to 03-12-202P
14 Chowari 09-01-2022 to 08-09-2022  24-01-20229®9-2022 | 24-01-2022 to 23-11-2022
15 Chamba 10-01-2022 to 18-09-2022  24-01-2022 1022022 | 24-01-2022 to 20-11-2022

4.1.2 Leafy days in the year 2022

In case of leafy days (Table 4.7), the results ne® for leafy days were found to be
significantly different among the genotypes maximommber of days (348.33) was found in
RN3 followed by RN1 (337.67), RN4 (333.33), SP4Q&Z) and SP3 (319.33) whereas
minimum was found in genotype DE5 (292.00).

The results recorded for leafy days (Table 4.8)evieund to be significantly different
among all the sites. Maximum number of leafy d&8&9(78) was recorded for site Rupnagar
which was followed by site Suhanpur (319.67), B#&815.33), Rampur (311.11) and
Hamirpur (305.33) whereas minimum number of days meaorded for site Tandi (295.22).

In the present study, significant variation wasniietween sites as well as among the
genotypes with respect to vegetative bud swelllardiburst during spring of 2022 and 2023
which is comparable with the study conducted by WEO009) in he found significant
variation among the genotypes S¥ilix for bud burst date and leafy period and that viana
were related to the source habitats of the pargemabtypes. According to McKowet al.
(2018), bud break showed a quadratic relationship iatitude, and provenances from the
southern and northernmost regions of species raypgeally breaking bud earlier than those
from middle regions. This pattern contrasted withidg carried on phenology d?opulus
trichocarpa by Evanset al (2014) and McKowret al. (2014). In aspenPppulus tremuly
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Luquezet al (2008) noticed a very high clinal variation pattevith respect to the date of

bud set and leaf area duration, but no changeeinldite of bud flush along a latitudinal cline.

Table 4.7: Number of days forvegetative bud swell, bud burst during spring of 282 and
2023 and number of leafy days fofSalix tetrasperma genotypes in 2022
Sr. | Genotype | Vegetative| Vegetative | Vegetative | Vegetative | Vegetative | Vegetative | Leafy
No. Bud swell in| Bud burst |Bud swell in| Bud burst | Bud swell | Bud burst | days
spring2022 | spring 2022| spring2023 | spring 2023| whole year| whole year
(Days) (Days) (Days) (Days) duration duration
DM3 26.00 16.00 27.00 13.67 239.67, 234.38 304.00
1. DM4 25.00 12.67 25.33 11.67 237.00 234.6Y 293.67
DM5 26.00 12.33 27.33 12.33 238.00 239.38 293.33
JA1 25.33 11.33 26.33 11.67 237.0¢ 231.33 300.33
2. JA3 24.67 12.67 25.00 12.67 236.67 231.6)7 302.00
JA4 24.33 12.67 24.33 12.00 257.67 250.00 301.00
RP1 23.67 12.33 24.00 11.33 245.6] 238.00 314.67
3. RP2 25.00 11.67 25.33 12.00 247.0( 238.67 312.00
RP3 25.00 12.00 25.67 11.33 247.0( 237.67 306.67
RN1 23.33 12.67 22.67 8.33 296.33 281.00 337.67
4, RN3 23.00 13.00 23.33 6.33 296.00 283.67 348.33
RN4 23.33 13.33 24.00 8.00 296.33 284.38 333.33
TD1 24.00 12.33 24.33 8.67 296.67, 285.38 293.67
5. TD2 26.33 12.33 26.33 8.00 299.33 283.00 293.67
TD3 25.67 12.33 26.33 7.67 298.67, 287.38 298.33
SP1 26.33 12.67 26.33 8.67 298.67 290.33 319.00
6. SP3 27.00 12.33 27.67 8.33 300.0( 287.67 319.33
SP4 25.00 12.33 26.00 9.33 298.33 288.33 320.67
HM1 26.67 13.33 24.67 11.67 279.00 262.38 306.00
7. HM2 25.00 12.00 23.33 12.67 276.00 263.00 304.00
HM4 25.00 13.00 26.33 12.00 277.67 262.00 306.00
NM2 23.67 13.67 25.00 14.33 266.67 230.6Y 297.67
8. NM4 23.33 12.00 24.67 14.67 266.33 231.6Y 296.00
NM5 24.67 12.33 26.33 13.00 267.33 229.00 294.00
BN2 28.00 13.00 28.67 12.33 238.00 226.00 30Q.33
9. BN5 27.00 12.33 27.33 13.67 238.33 230.38 299.67
BN6 27.67 11.67 28.00 16.00 239.67 231.00 297.67
CN1 24.33 12.00 26.67 15.33 237.00 224.6)7 299.00
10. CN2 22.67 12.67 26.67 15.00 233.67 220.00 294.67
CN3 22.67 12.67 25.67 14.67 231.0¢ 218.00 293.67
JM1 26.00 11.00 25.33 13.33 249.00 241.33 296.33
11. JM2 25.67 12.00 24.33 12.00 249.00 241.00 294.67
JM5 25.00 12.33 24.00 13.67 247.67 237.00 297.33
DE1 26.33 11.00 27.33 13.00 237.67 233.00 297.33
12, DE2 26.00 11.00 26.33 13.00 242.33 237.00 301.67
DE5 23.00 12.67 23.00 12.33 246.00 233.00 292.00
BL1 24.00 13.33 21.67 12.00 247.33 238.00 313.33
13. BL2 24.00 12.33 22.00 11.33 247.00 245.38 315.33
BL3 24.00 12.67 20.33 13.33 247.00 246.38 317.33
cwi1i 26.67 11.33 24.33 14.00 238.67 237.00 304.67
14, Ccw2 27.00 11.67 23.67 13.00 239.00 236.00 303.67
CWs3 25.33 12.67 25.67 14.00 237.33 232.00 302.67
CH1 29.00 11.00 29.00 11.67 242.33 239.00 296.67
15. CH2 28.00 11.33 28.00 11.00 245.33 242.6)7 299.33
CH3 28.67 11.00 28.67 11.33 247.67 237.33 296.67
Mean 25.30 12.33 25.43 11.92 257.33 246.92 304.65
CDyo.05 1.86 1.46 2.18 1.71 2.88 5.01 3.79
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Ducousscet al. (1996) found significant variation among proverestor bud burst
of sessile oakQuercus petragathat was mainly clinal and related to altitudel datitude of
origin. They also noticed the late flush in north@rovenances than southern which was
similar to results our study. While Rossi and Bawetg(2014) obtained opposite trend in
black spruce due to phenological adaptations of gpecies to its local environmental
conditions. Ro’'nnberg - Wa'stljung (2001) and iBet al. (2004) observed that timing of
critical stages for growth initiation i.e. bud atehf phonologies as well as that of growth
termination (e.g. growth cessation and leaf abmwiyswere highly influenced by
environmental conditions and therefore were givewpdrtance in breeding for biomass
production in willows and Poplars. Species and alalifference in bud flushing iBalixwas
documented by Ro’'nnberg - Wa'stljung and Gull-bét§99). Whittetet al (2021)
demonstrated that timing of bud burst was negativ@tsociated with latitude of in
provenance trial of sycamoreAder pseudoplatanud.) in England showing adaptive

differentiation among provenances.

Table 4.8: Sitewise vegetative bud swell, bud bursturation and number of days of
during spring of 2022 and 2023 and number of leafgays for Salix tetrasperma
genotypes in 2022

Sr |Site Vegetative Bud Vegetative Bud Vegetative | Vegetative | Leafy
No. swell in spring2022 burst spring 2022 | Bud swell | Bud burst | days
(Days) (Days) whole year | whole year
duration duration
2022 2023 2022 2023 2022 2022 2022
1 [Devamanal 25.67 26.56 13.67 12.56 238.22 236.1197.02
2 |Jakholi 24.78 25.22 12.22 12.11 243.78 237.67 .1301
3 |Rampur 24.56 25.00 12.00 11.56 246.56 238.11 .1311
4 |Rupnagar 23.22 23.33 13.00 7.56 296.22 283.00 .7839
5 |Tandi 25.30 25.67 12.33 8.11 298.22 285.22 29p.22
6 |Suhanpur 26.111 26.67 12.44 8.78 299.00 288.78 9.631
7 |Hamirpur 25.56 24.78 12.78 12.11 277.56 262.45 5.3
8 |Nambhol 23.89 25.33 12.67 14.00 266.78 230.44  8205.
9 |Bhunter 27.56 28.00 12.33 14.00 238.67 229.11 .2299
10 | Chinani 23.22 26.33 12.44 15.00 233.89 220.89 5.73
11 | Jammu 25.56 24.56 11.78 13.00 248.56 239.Y8 .1296
12 | Deothi 25.11 25.56 11.56 12.78 242.00 234.33 .(@p7
13 |Balh 24.00 21.33 12.78 12.22 247.11 243.22 315.3
14 | Chowari 26.33 24.56 11.89 13.6f 238.33 235.00 3.630
15 | Chamba 28.56 28.56 11.11 11.33 245.11 239.67 .5@97
Mean 25.30 25.43 12.33 11.92 257.33| 246.92 304.65
CDy.05 1.06 1.26 0.83 0.99 1.64 2.89 2.19
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4.1.3 Leaf shedding durations
4.1.3.1 Duration for 50 per cent leaf shedding (Day

Genotypes of different sites were found to besteally different from each other for
the time taken for 50 per cent leaf shedding. Maximno. of days for 50 per cent leaf
shedding was observed in Genotype RN3 (42 daysghmvas followed by genotype RN4
(38.33), RN1 (36.67) and RP2 (34.67). Minimum numbgé days for 50 per cent leaf
shedding (13.33) was recorded in genotype TD1 eweath in table 4.9.

The results in Table 4.10 showed that Rupnagarrstorded maximum duration (39
days) for 50 per cent leaf shedding which was ¥e#ld by site Rampur (32.78), Chinani
(24.89) and Jakholi (24.78). Minimum duration fd@r faer cent leaf shedding was recorded in
case of site Tandi (14.33 days) which was stasiyi@t par with site Deothi (15.78 days).

4.1.3.2 Duration for 80 per cent leaf shedding (Day

A perusal of table 4.9 revealed that genotypesliféérent sites found statistically
different from each other for the time taken for@& cent leaf shedding. Maximum number
of days for 80 per cent leaf shedding was obsenvé&sknotype RN3(62.00 days) which was
followed by genotype RN1 (54.00), RN4 (54.00) arRRPR46.33). Minimum number of days
for 80 per cent leaf shedding (20.67 days) wasrdatbin Genotype TD1 which was
statistically at par with DE1 (21.00), DE5 (21.3B)yI5 (21.33), DE2 (22.33), NM2 (22.67),
TD2 (23.67) and CH1 (23.67).

The maximum duration for 80 per cent leaf sheddiraple 4.10) was found in site
Rupnagar (56.67 days) followed by site Rampur @5.8uhanpur (37.33) and Balh (35.00)
whereas minimum duration was observed in casetefBeothi (21.56 days) which was
statistically at par with site Namhol (22.78 dagsyl Tandi (23.11 days).

4.1.3.3 Duration for complete leaf shedding (Days)

Data appended in Table 4.9 showed that genotyjpeifferent sites were statistically
different from each other in the case of the tialeeh for complete leaf fall. The duration of
leaf fall in all genotypes was found statisticalijferent from each other. Maximum number
of days for complete leaf fall was observed in dgpe RN3 (78.67 days) followed by RN1
(67.33), RN4 (65.67) and RP2 (56.33). The minimuomber of days was observed in
Genotype DE1 (26.00) which was statistically at wéh DE2 (26.67), NM5 (26.67), DE5
(27.0), NM2 (27.67), NM4 (29.0), TD1 (29.33), CH29(67), CH2 (31.67), CH3 (31.67),
DM5 (32.0), TD2 (32.33) and HM1 (33.33).
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Table 4.9: Variation in Salix tetrasperma genotypes in respect of days taken from full
maturation to complete leaf fall, 50 per cent to cmplete leaf fall, 80 per cent

to complete leaf fall

Sr. No. | Genotype 50 per cent leaf fall 80 per cefdaf fall | Complete leaf fall

DM3 28.33 41.00 48.67
1. DM4 20.67 29.00 36.33
DM5 19.00 27.67 32.00
JAl 26.00 35.00 42.33
2. JA3 27.67 38.33 47.67
JA4 20.67 30.67 36.67
RP1 33.33 46.00 56.00
3. RP2 34.67 46.33 56.33
RP3 30.33 42.67 52.33
RN1 36.67 54.00 67.33
4. RN3 42.00 62.00 78.67
RN4 38.33 54.00 65.67
TD1 13.33 20.67 29.33
5. TD2 15.00 23.67 32.33
TD3 14.67 25.00 33.67
SP1 21.33 37.33 47.00
6. SP3 24.67 35.67 45.67
SP4 25.67 39.00 49.33
HM1 17.00 24.00 33.33
7. HM2 18.33 26.33 35.00
HM4 17.00 27.00 35.00
NM2 17.00 22.67 27.67
8. NM4 16.33 24.33 29.00
NM5 15.67 21.33 26.67
BN2 23.33 33.67 40.33
9. BN5 19.67 29.33 37.00
BNG6 19.67 29.00 51.33
CN1 24.00 33.33 41.33
10. CN2 24.33 33.33 39.33
CN3 26.33 34.00 40.67
JM1 21.00 28.33 34.33
11. JM2 18.67 25.33 32.00
JM5 21.00 29.33 37.00
DE1 15.33 21.00 26.00
12. DE2 16.00 22.33 26.67
DES 16.00 21.33 27.00
BL1 25.33 36.33 47.67
13. BL2 23.67 34.00 44.00
BL3 24.33 34.67 45.00
Cwi 21.67 31.00 39.67
14. Cw2 21.67 30.67 39.00
Cw3 21.00 30.67 40.67
CH1 17.00 23.67 29.67
15. CH2 18.00 24.67 31.67
CH3 18.67 25.33 31.67
Mean 22.45 32.11 40.58

CD.05 2.77 3.07 7.42
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Among sites (Table 4.10), Rupnagar recorded maxinauration (70.56 days) for
complete leaf fall which was followed by site Ramb4.89), Suhanpur (47.33) and Balh
(45.56) and minimum duration was recorded in sigotDi (26.56) which was statistically at
par with site Namhol (27.78).

Table 4.10 Sitewise variation ofSalix tetrasperma genotypes in respect of days taken
from full maturation to complete leaf shedding, 5Qoer cent to complete leaf
shedding, 80 per cent to complete leaf shedding

Sr Site Complete leaf 50 per cent 80 per cent
No. shedding Complete leaf Complete leaf
shedding shedding
1 Devamanal 39.00 22.67 32.56
2 Jakholi 42.22 24.78 34.67
3 Rampur 54.89 32.78 45.00
4 Rupnagar 70.56 39.00 56.67
5 Tandi 31.78 14.33 23.11
6 Suhanpur 47.33 23.89 37.33
7 Hamirpur 34.44 17.44 25.78
8 Nambhol 27.78 16.33 22.78
9 Bhunter 42.89 20.89 30.67
10 | Chinani 40.44 24.89 33.56
11 | Jammu 34.44 20.22 27.67
12 | Deothi 26.56 15.78 21.56
13 | Balh 45.56 24.44 35.00
14 | Chowari 39.78 21.44 30.78
15 | Chamba 31.00 17.89 24.56
Mean 40.58 22.45 32.11
CD.05 4.28 1.60 1.78

4.1.3.4 Duration from 50 to 80 per cent leaf shedag (Days)

A perusal of Table 4.11 revealed that for 50-80qamt leaf shedding, the maximum
number of days (20.00) was noticed in genotype RiN8wed by RN1 (17.33), SP1 (16.00)
and RN4 (15.67) whereas minimum (5.33) was notinegenotype DE5. Minimum number
of days was observed in Genotype DE5 (5.33) foltbwg DE1 (5.67), NM5 (5.67), DE2
(5.67), CH3 (6.67), CH2 (6.67) CH1 (6.67), IM2 ®.&nd HM1 (7.0)
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Maximum duration for 50-80 per cent leaf sheddihgble 4.12) was found in site
Rupnagar (17.67 days) which is statistically at péth site), Suhanpur (13.44), Rampur
(12.22), Balh (10.56), Devamanal (9.89), JakholB99, Bhunter (9.78), Chowari (9.33),
Tandi (8.78), Chinani (8.67) and Hamirpur (8.33)nivhum duration for 50% - 80% leaf fall
was observed in case of site Deothi (5.78 dayskhvhvas statistically at par with site
Nambhol (6.44 days) and Chamba (6.67).

4.1.3.5 Duration from 80 to 100 per cent leaf sheduty (Days)

For 80-100 per cent leaf shedding (Table 4.18 niaximum number of days (22.33)
was noticed in genotype BN6 which was statisticatypar with RN3 (16.67) whereas
minimum number of days was observed in genotype RIEZ3) which is statistically at par
with all other genotypes having values 4.33 ané8 @xcept BL1 (11.33) and RN1 (13.33)

Data appended in Table 4.12 revealed that maximuration for 80 — 100 per cent
leaf shedding was found in site Rupnagar (13.8%)da#ich is statistically at par with site
Bhunter (12.22) and Balh (10.56). Minimum duratfon80 — 100 per cent leaf shedding was
observed in case of site Deothi and Namhol (5.06ickvwas statistically at par with site

Chamba and Devamanal (6.44).

4.1.3.5 Duration from 50 to complete leaf sheddin@ays)

In case of 50 per cent to complete leaf sheddiraiplgr4.11), genotype RN3 showed
maximum number of days (36.67) which was staiflijcat par with BN6 (31.67) and RN1
(30.67) while genotype DE2 showed a minimum numbetrdays (10.67) which is
statistically at par DE1 (10.67), NM2 (10.67), DEBL.00), NM5 (11.00), CH1 (12.67),
NM4 (12.67), CH3 (13.00), DM5 (13.00), JM2 (13.33y)1 (13.33) and CH2 (13.67).

Maximum duration for 50 per cent to complete Igla¢dding (Table 4.12) was found
in site Rupnagar (31.56 days) which is followedwaiyh site Suhanpur (23.44 days) and
Rampur (22.11 days). Minimum duration for 50% - 180 cent leaf shedding was observed
in case of site Deothi (10.78 days) which was stiatlly at par with site Namhol (11.44
days), Chamba (13.11 days) and Jammu (14.22 days).
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Table 4.11: Variation in Salix tetrasperma genotypes in respect of days taken from 50-
80 per cent leaf shedding, 80 per cent to completeaf shedding, 50 per

cent to complete leaf shedding

S.No| Genotype 50 to 80 per cent | 80 to 100 per cent Leaf| 50 to100 per cent Leaf
Leaf shedding (days) shedding (days) shedding (days)
DM3 12.67 7.67 20.33
1. |DM4 8.33 7.33 15.67
DM5 8.67 4.33 13.00
JAl 9.00 7.33 16.33
2. | JA3 10.67 9.33 20.00
JA4 10.00 6.00 16.00
RP1 12.67 10.00 22.67
3. |RP2 11.67 10.00 21.67
RP3 12.33 9.67 22.00
RN1 17.33 13.33 30.67
4. | RN3 20.00 16.67 36.67
RN4 15.67 11.67 27.33
TD1 7.33 8.67 16.00
5. | TD2 8.67 8.67 17.33
TD3 10.33 8.67 19.00
SP1 16.00 9.67 25.67
6. | SP3 11.00 10.00 21.00
SP4 13.33 10.33 23.67
HM1 7.00 9.33 16.33
7. | HM2 8.00 8.67 16.67
HM4 10.00 8.00 18.00
NM2 5.67 5.00 10.67
8. | NMm4 8.00 4.67 12.67
NM5 5.67 5.33 11.00
BN2 10.33 6.67 17.00
9. | BN5 9.67 7.67 17.33
BN6 9.33 22.33 31.67
CN1 9.33 8.00 17.33
10. | CN2 9.00 6.00 15.00
CN3 7.67 6.67 14.33
JM1 7.33 6.00 13.33
11. | M2 6.67 6.67 13.33
JM5 8.33 7.67 16.00
DE1 5.67 5.00 10.67
12. | DE2 6.33 4.33 10.67
DES 5.33 5.67 11.00
BL1 11.00 11.33 22.33
13. | BL2 10.33 10.00 20.33
BL3 10.33 10.33 20.67
Cw1 9.33 8.67 18.00
14. | CW2 9.00 8.33 17.33
CWwW3 9.67 10.00 19.67
CH1 6.67 6.00 12.67
15. | CH2 6.67 7.00 13.67
CH3 6.67 6.33 13.00
Mean 9.66 8.47 18.13
CD.05 1.69 6.35 6.79
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Table 4.12: Site-wise variation inSalix tetrasperma genotypes in respect of days taken
from 50-80 per cent leaf shedding, 80 per cent tmmplete leaf shedding, 50
per cent to complete leaf shedding

SrNo. | Site 50 to 80 per cent Leaf| 80 to 100per cent Leaf| 50t0100 per cent Leaf
shedding (days) shedding (days) shedding (days)

1 Devamanal 9.89 6.44 16.33

2 Jakholi 9.89 7.56 17.44

3 Rampur 12.22 9.89 2211

4 Rupnagar 17.67 13.89 31.56

5 Tandi 8.78 8.67 17.44

6 Suhanpur 13.44 10.00 23.44

7 Hamirpur 8.33 8.67 17.00

8 Namhol 6.44 5.00 11.44

9 Bhunter 9.78 12.22 22.00

10 Chinani 8.67 6.89 15.56

11 Jammu 7.44 6.78 14.22

12 Deothi 5.78 5.00 10.78

13 Balh 10.56 10.56 21.11

14 Chowari 9.33 9.00 18.33

15 Chamba 6.67 6.44 13.11
Mean 9.66 8.47 18.13
CDy.05 0.98 3.67 3.92

The result of the present study showed significamtations for leaf shedding traits
which was similar to the observations noticed $alix acutifoliaWild., Salix smithiana
Wild., and Salix viminalisiL. trees evaluated by Orlandt al (2021) in a phenological
garden in central Italy. They discovered that dyrspring time leaf development advanced

and leaf senescence was delayed after the summer.

Similarly, for the leafy period, Weih (2009) obged significant variance among the
Salix genotypes and found that genotypically specificiat®n was correlated with the
parental genotypes' source environments or habitatthe case ofPopulus tremula
Fracheboucet al (2009) observed considerable variation in thengrof leaf senescence
both within local populations and among trees thinated from various populations, and
they noticed that this variation was correlatechwite latitude of the respective origins.

According to Ceulemanst al (1992) and Ywet al. (2001), higher shoot production
may be responsible or connected to the delay iwthra@essation. However, it can be seen
that in high-latitude areas, growing conditionsctsuas light and temperature, quickly
deteriorate as late autumn approaches, and theseé lmeua critical time period in autumn
beyond which a delay in growth cessation and lalhid no longer related to any type of gain
in biomass. In contrast, in lower latitude areaghtland temperature conditions are more
favourable during late autumn, which caused a dielayowth cessation. But within the site,
microclimate was a reason for significant variatiorcase of beech provenance as recorded
by Gomadryet al. (2011).
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4.2 REPRODUCTIVE CHARACTERS
4.2.1 Duration of bud swell (Days)

A close appraisal of the table 4.13 showed thatimam duration for bud swell
(37.00) was recorded in genotype CN3 which wa®ved#ld by genotypes CN1 (35.67), CN2
(35.33) and BN6 (31.33) while minimum bud swell @lion was recorded in genotype JA3
(14.33) which was statistically at par with genay@Al (14.67) and JA4 (15.00).

Table 4.13: Reproductive Bud swell duration and nurber of days ofSalix tetrasperma
genotypes.

S.No. Site Genotypes Bud swell duiath Mean Days
DM3 01-01-2023 to 26-01-2023 26.67
1 Devamanal DM4 03-01-2023 to 25-01-2023 23.33
DM5 04-01-2023 to 26-01-2023 21.67
JA1 06-01-2023 to 20-01-2023 14.67
2 Jakholi JA3 06-01-2023 to 20-01-2023 14.33
JA4 05-01-2023 to 20-01-2023 15.00
RP1 02-01-2023 to 26-01-2023 26.00
3 Rampur RP2 04-01-2023 to 27-01-2023 23.33
RP3 04-01-2023 to 27-01-2023 22.33
RN1 01-01-2023 to 28-01-2023 26.00
4 Rupnagar RN3 02-01-2023 to 26-01-2023 24.67
RN4 01-01-2023 to 28-01-2023 25.00
TD1 01-01-2023 to 28-01-2023 26.00

5 Tandi TD2 01-01-2023 to 26-01-2023 25.33

TD3 01-01-2023 to 26-01-2023 24.33
SP1 01-01-2023 to 29-01-2023 27.67
6 Suhanpur SP3 01-01-2023 to 27-01-2023 26.67
SP4 01-01-2023 to 28-01-2023 26.00
HM1 09-01-2023 to 06-02-2023 27.33
7 Hamirpur HM2 12-01-2023 to 07-02-2023 28.33
HM4 10-01-2023 to 06-02-2023 26.67
NM2 13-01-2023 to 07-02-2023 26.33
8 Nambhol NM4 13-01-2023 to 08-02-2023 27.00
NM5 13-01-2023 to 09-02-2023 28.00
BN2 13-01-2023 to 09-02-2023 27.00
9 Bhunter BN5 14-01-2023 to 11-02-2023 27.67
BN6 15-01-2023 to 13-02-2023 31.33
CN1 16-01-2023 to 24-02-2023 35.67
10 Chinani CN2 19-01-2023 to 26-02-2023 35.33
CN3 18-01-2023 to 26-02-2023 37.00
M1 02-01-2023 to 09-02-2023 30.67

11 Jammu IM2 06-01-2023 to 11-02-2023 30.67
JM5 01-01-2023 to 30-01-2023 30.00
DE1 02-01-2023 to 27-01-2023 26.33

12 Deothi DE2 03-01-2023 to 28-01-2023 24.00
DE5 04-01-2023 to 28-01-2023 23.33
BL1 12-01-2023 to 09-01-2023 27.33
13 Balh BL2 13-01-2023 to 10-01-2023 27.67
BL3 13-01-2023 to 12-01-2023 28.67
Cwi 15-01-2023 to 12-02-2023 27.67
14 Chowari CW2 13-01-2023 to 12-02-2023 29.00
Cw3 13-01-2023 to 13-02-2023 30.67
CH1 15-01-2023 to 12-02-2023 27.67
15 Chamba CH2 14-01-2023 to 12-02-2023 28.00
CH3 13-01-2023 to 14-02-2023 30.33

Mean 26.64

CD(o.05 2.29
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Comparisons of sites in Table 4.14 depicted thatotypes of site Chinani had
maximum bud swell duration i.e 36 days which iddekd by Jammu (30.44), Chowari
(29.11) and Bhunter (28.67) Minimum bud swell dimatwas recorded in site Jakholi
(14.67).

Table 4.14: Sitewise reproductive bud swell duratio and number of days for Salix

tetrasperma genotypes.

Sr. No.| Site Bud swell duration Mean Days
1 Devamanal 01-01-2023 to 26-01-2023 23.89
2 Jakholi 05-01-2023 to 20-01-2023 14.67
3 Rampur 02-01-2023 to 27-01-2023 23.89
4 Rupnagar 01-01-2023 to 28-01-2023 2522
5 Tandi 01-01-2023 to 28-01-2023 25.22
6 Suhanpur 01-01-2023 to 29-01-2023 26.78
7 Hamirpur 09-01-2023 to 07-02-2023 27.44
8 Namhol 13-01-2023 to 09-02-2023 2711
9 Bhunter 13-01-2023 to 13-02-2023 28.67
10 Chinani 16-01-2023 to 26-02-2023 36.00
11 Jammu 01-01-2023 to 09-02-2023 30.44
12 Deothi 02-01-2023 to 28-01-2023 24.56
13 Balh 12-01-2023 to 12-02-2023 27.89
14 Chowari 13-01-2023 to 12-02-2023 29.11
15 Chamba 13-01-2023 to 14-02-2023 28.67

Mean 26.64
CDo.05) 1.31

4.2.2 Duration of reproductive bud burst (Days)

Table 4.15 showed that the genotype JA4 recorddmum (25.67) duration of bud
burst which was statistically at par with genotyge3 (25.00), JA1 (24.33), DE2 (23.33) and
RP2 (23.00) as showed in table 4.9. Minimum budllssiegation was recorded in genotype
CN3 (10.33) which was statistically at par with ggqmpe CN2 (10.67), JM1 (12.00) and CN1
(13.00). Vermaet al. (2011) studied floral biology and pollen handliofyGrewia optiva
Drummond and found that flowering buds startedpear along with the appearance of new

leaves during end of March.

Among the sites (Table 4.16), Jakholi recordedimam (25.00) bud burst duration
followed by site Deothi (22.11), Rampur (21.11) &uhanpur (20.33). Minimum bud burst
duration was recorded in site Chinani (11.33) whwas followed by Jammu (13.78),
Chowari (15.22) and Chamba (15.89). Reproductiveé $well and bud burst are shown in
Plate 1.2.
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a) Bud Swell b) Initial Bud Burst

c) Bud Burst stage 2 d) Bud Burst final stage

Plate 1.2: Reproductive Bud Swell and Bud Burst



Table 4.15: Reproductive Bud burst duration and nwmber of days of Salix

tetrasperma genotypes.
Sr. | Site Genotypes Bud burst duration Mean Days
No.
DM3 21-01-2023 to 11-02-2023 20.33
1 Devamanal DM4 21-01-2023 to 14-02-2023 21.00
DM5 22-01-2023 to 11-02-2023 19.33
JA1 16-01-2023 to 09-02-2023 24.33
2 Jakholi JA3 15-01-2023 to 08-02-2023 25.00
JA4 10-01-2023 to 07-02-2023 25.67
RP1 21-01-2023 to 11-02-2023 21.00
3 Rampur RP2 21-01-2023 to 14-02-2023 23.00
RP3 22-01-2023 to 11-02-2023 19.33
RN1 21-01-2023 to 08-02-2023 16.33
4 Rupnagar RN3 20-01-2023 to 11-02-2023 19.33
RN4 21-01-2023 to 11-02-2023 20.33
TD1 21-01-2023 to 08-02-2023 16.33
5 Tandi TD2 20-01-2023 to 11-02-2023 20.33
TD3 20-01-2023 to 10-02-2023 20.67
SP1 21-01-2023 to 10-02-2023 18.33
6 Suhanpur SP3 21-01-2023 to 11-02-2023 21.33
SP4 20-01-2023 to 11-02-2023 21.33
HM1 02-02-2023 to 22-02-2023 19.00
7 Hamirpur HM2 03-02-2023 to 21-02-2023 16.67
HM4 02-02-2023 to 22-02-2023 21.00
NM2 03-02-2023 to 21-02-2023 18.33
8 Nambhol NM4 05-02-2023 to 23-02-2023 17.00
NM5 07-02-2023 to 27-02-2023 19.33
BN2 03-02-2023 to 21-02-2023 18.33
9 Bhunter BN5 06-02-2023 to 23-02-2023 17.00
BN6 07-02-2023 to 27-02-2023 18.33
CN1 15-02-2023 to 02-03-2023 13.00
10 | Chinani CN2 17-02-2023 to 03-03-2023 10.67
CN3 20-02-2023 to 05-03-2023 10.33
JM1 29-01-2023 to 18-02-2023 12.00
11 | Jammu JM2 06-02-2023 to 17-02-2023 14.67
JM5 26-01-2023 to 10-02-2023 14.67
DE1 21-01-2023 to 13-02-2023 22.33
12 Deothi DE2 20-01-2023 to 13-02-2023 23.33
DES5 22-01-2023 to 13-02-2023 20.67
BL1 03-02-2023 to 21-02-2023 18.33
13 | Balh BL2 05-02-2023 to 25-02-2023 19.00
BL3 07-02-2023 to 27-02-2023 19.00
Cwi 06-02-2023 to 22-02-2023 15.67
14 | Chowari Cw2 09-02-2023 to 23-02-2023 16.00
Cw3 09-02-2023 to 25-02-2023 14.00
CH1 06-02-2023 to 23-02-2023 16.67
15 Chamba CH2 07-02-2023 to 23-02-2023 16.00
CH3 07-02-2023 to 25-02-2023 15.00
Mean 18.44
CDy.o5 2.85
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Table 4.16:  Sitewiseeproductive bud burst duration and mean number ofdays for Salix
tetrasperma genotypes
Sr. No. Site Bud burst dation Mean Days

1 Devamanal 21-01-2023 to 14-02-2023 20.22
2 Jakholi 10-1-2023 to 09-02-2023 25.00
3 Rampur 21-01-2023 to 14-02-2023 21.11
4 Rupnagar 20-01-2023 to 11-02-2023 18.67
5 Tandi 20-01-2023 to 11-02-2023 19.11
6 Suhanpur 20-01-2023 to 11-02-2023 20.33
7 Hamirpur 02-02-2023 to 22-02-2023 18.89
8 Namhol 03-02-2023 to 27-02-2023 18.22
9 Bhunter 03-02-2023 to 27-02-2023 17.89
10 Chinani 15-02-2023 to 05-03-2023 11.33
11 Jammu 26-01-2023 to 18-02-2023 13.78
12 Deothi 20-01-2023 to 13-02-2023 22.11
13 Balh 03-02-2023 to 27-02-2023 18.78
14 Chowari 06-02-2023 to 25-02-2023 15.22
15 Chamba 06-02-2023 to 25-02-2023 15.89

Mean 18.44

CD(0.05) 1.63

Guet al (2003) found that the rise in photosynthetic\attiduring the spring could
be related to the pace of bud flushing or burstimgich measures how quickly trees react to
temperature changes. On the other hand, Azad (26ti@jed the bud burst and spring
phenology of poplarRopulus tremuleand P. tremuloide} from eight distinct provenances
and noticed that there was a substantial differem¢ke timing of bud flushing between the
saplings from the various provenances like budhflug started and finished earlier in case of

one provenance than those from other differentgmawnce.

In northwest Quebec, Elferjamt al. (2016) studied the plasticity of four hybrid
poplar clones along a latitudinal gradient and aieced that growth duration between the
southernmost and northernmost sites ranged froto 32 days. They also observed that bud
phenology plasticity was clearly evident and catedl to stem volume growth along the
latitudinal growth, and that bud burst and bud digtation were negatively correlated with
growth season duration. They discovered that inbibveal zone, bud burst began early at
lower latitudes where the early spring climate wasmer, indicating the start of biomass
production. They also observed that the produatisaes' growing season was extended due
to later bud set and faster (but not earlier) bustbdevelopment. The floral and vegetative

buds may have different temperature sensitivitythwinflorescence buds having a lower
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cumulative temperature requirement (heat sum, ristance in degree days) required for
development (Cronkt al, 2015).

4.2.3 Flowering Characters
4.2.3.1 Catkin development Stages

Categorization of flower bud into different stagest only helped in the effective
evaluation of phenological development but alsaniaking comparative study among the
different genotypes obalix tetraspermdoxb. and earlier also Bangarwa (1996) undertook
study onDalbergia sisso@nd divided the stages from bud appearance teflowening into
five stages, Panét al. (2003) categorized the developmental stages Gfewia optiva
flowers into eight stages and in the same way Wa@05) divided the different flower
development stages into twelve stages. Variousircal&velopment stages observed in the
present study are shown in Plate no. 1.3. The &éheanost of the genotypes was staminate

while only genotypes from Balh and Chowari werdiliége (Table 4.17).
Stage |

Data presented in Table 4.17 revealed that dwstiage 1 fully developed bud/catkin
attained a maximum length of 1.03 cm in genotype Tihich was statistically at par with
genotypes TD2 (1.01), RN4 (1.00), SP4 (0.99) and. T®98). However, genotype CN1
recorded bud length of 0.48 cm which was minimunognthe genotypes for the stage that
was statistically at par with genotypes CN2 (0.8£1¥3 (0.53) and BN6 (0.53).

Among the sites (Table 4.19), site Tandi showedimam (1.01 cm) bud length
which was statistically at par with site Suhangu®8 cm). Minimum bud / catkin length was
recorded in site Chinani (0.51 cm) followed by Bterr{0.55 cm) and Namhol (0.60 cm).

Stage Il

During this stage (Table 4.17) the inflorescenceorg the genotypes attained
maximum catkin length of 1.57 cm in genotype SP4ctWwiwas statistically at par with
genotype RN4 (1.56 cm), RN3 (1.54 cm) and SP3 (tr8d. However, minimum catkin
length of 1.06 cm at this stage was recorded inotypes CN2 and CN1 which was
statistically at par with CN3 (1.1).

Among the sites (Table 4.19), site Suhanpur shavweximum catkin length of 1.53

cm at this stage which was statistically at pahvRupnagar (1.52 cm). Minimum catkin
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length was recorded in site Chinani (1.07 cm) whiets followed by Chamba (1.15 cm) and
Bhunter (1.19cm).

Table 4.17: Sex of genotype and bud length (cm) dmg catkin development stages
1&I11in the genotypes of Salix tetrasperma

Sr. No. Site Genotypes Sex Stage | Stage Il
DM3 Male 0.65 1.22
1 Devamanal DM4 Male 0.65 1.22
DM5 Male 0.64 1.20
JAl Male 0.58 1.30
2 Jakholi JA3 Male 0.64 1.28
JA4 Male 0.60 1.30
RP1 Male 0.68 1.23
3 Rampur RP2 Male 0.68 1.19
RP3 Male 0.64 1.19
RN1 Male 0.94 1.47
4 Rupnagar RN3 Male 0.94 1.54
RN4 Male 1.00 1.56
TD1 Male 0.98 1.45
5 Tandi TD2 Male 1.01 1.51
TD3 Male 1.03 1.48
SP1 Male 0.97 1.48
6 Suhanpur SP3 Male 0.97 1.54
SP4 Male 0.99 1.57
HM1 Male 0.72 1.36
7 Hamirpur HM2 Male 0.69 1.34
HMA4 Male 0.72 1.33
NM2 Male 0.61 1.23
8 Namhol NM4 Male 0.60 1.24
NM5 Male 0.60 1.24
BN2 Male 0.57 1.26
9 Bhunter BN5 Male 0.56 1.18
BN6 Male 0.53 1.14
CN1 Male 0.48 1.06
10 Chinani CN2 Male 0.51 1.06
CN3 Male 0.53 1.10
JM1 Male 0.72 1.27
11 Jammu JM2 Male 0.73 1.32
JM5 Male 0.69 1.35
DE1 Male 0.63 1.28
12 Deothi DE2 Male 0.66 1.25
DE5 Male 0.66 1.24
BL1 Female 0.65 1.23
13 Balh BL2 Female 0.67 1.25
BL3 Female 0.62 1.22
cwi Female 0.65 1.26
14 Chowari cw2 Female 0.72 1.24
CWwW3 Female 0.70 1.15
CH1 Male 0.59 1.15
15 Chamba CH2 Male 0.66 1.15
CH3 Male 0.70 1.15
Mean 0.71 1.28
CDy.05 0.05 0.05
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Stage -4 Stage -5

Plate 1.3: Different stages of catkin development



Stage Il

Data presented in Table 4.18 revealed that diwgiage Ill catkin attained maximum
length of 1.95 cm in genotype TD1 which was stafidly at par with genotypes SP4 (1.95),
SP3 (1.94) and RN4 (1.92) However, genotype CN8roed a bud length of 1.45 cm which
was the minimum among the genotypes for the sthge was statistically at par with
genotype CN1 (1.47).

Among the sites (Table 4.19), site Suhanpur shomedgimum (1.93 cm) catkin
length which was followed by Rupnagar (1.88 cm) diathdi (1.88 cm). Minimum catkin
length at this stage was recorded in Chinani (t#§ followed by Jammu (1.56 cm) and
Bhunter (1.59 cm).

Stage IV

Data presented in Table 4.18 revealed that digiage IV catkin attained maximum
length of 3.28 cm in genotype SP4 which was stedity at par with genotypes RN4 (3.26
cm), TD2 (3.26 cm), TD1 (3.25 cm) and RN3 (3.21 crilowever, genotype JM5 recorded
bud length of 1.79 cm which was minimum among teaagypes for this stage which was
followed by genotype BL3 (1.91 cm), CW3 (1.97 cmiid&L2 (1.98 cm).

Among the sites (Table 4.19), site Suhanpur shomegdimum (3.26 cm) catkin
length which was followed by Tandi (3.25 cm) andpRagar (3.23 cm). Minimum catkin
length at this stage was recorded in Chinani (2182 followed by Jammu (2.64 cm) and
Bhunter (1.59 cm).

Stage V

Data presented in Table 4.18 revealed that dwtiage V catkin attained maximum
length of 6.8 cm in genotype RN4 which was followsd genotypes SP1 (5.81 cm), SP3
(5.68 cm) and RN1 (5.45 cm). However, genotype Istorded bud length of 2.03 cm
which was minimum among the genotypes for the sthgé was statistically at par with
genotypes BL1 (2.11 cm), BL2 (2.18 cm) and BL3 8c&).

Table 4.19showed the site variation for catkin length at st&and revealed that
maximum length (5.85) was recorded for site Rupnagach was statistically at par with
site Suhanpur (5.62) whereas minimum length atdtaige was recorded for site Balh (2.21).
Genotypes from Punjab RN1, RN3, RN4, TD1, TD2, TBB/], SP3 and SP4 were observed

to have flowering in two times i.e once in OctoBOR22 and other in February 2023 ( Table
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4.22). Catkin development were also observed imibath of October 2022 and January to
February 2023

Table 4.18: Reproductive bud length (cm) catkin deMopment stages at lll, IV & V
stages in the genotypes @alix tetrasperma

Sr No. | Site Genotypes Stage Il Stage IV Stage V

DM3 1.63 2.84 3.53

1 Devamanal DM4 1.59 2.85 3.52
DM5 1.61 2.90 3.61

JA1 1.68 2.97 4.52

2 Jakholi JA3 1.69 2.96 4.26
JA4 1.66 2.96 4.69

RP1 1.66 2.95 3.64

3 Rampur RP2 1.65 3.00 3.64
RP3 1.61 2.99 4.19

RN1 1.86 3.22 5.45

4 Rupnagar RN3 1.87 3.21 5.31
RN4 1.92 3.26 6.80

TD1 1.95 3.25 4.66

5 Tandi TD2 1.86 3.26 4.58
TD3 1.84 3.25 4.81

SP1 1.89 3.25 5.81

6 Suhanpur SP3 1.94 3.25 5.68
SP4 1.95 3.28 5.38

HM1 1.69 3.21 4.27

7 Hamirpur HM?2 1.67 3.02 4.27
HM4 1.71 3.05 4.10

NM2 1.62 2.99 4.09

8 Nambhol NM4 1.60 3.00 4.07
NM5 1.63 2.97 4.04

BN2 1.63 2.93 4.05

9 Bhunter BN5 1.61 2.85 3.71
BN6 1.52 2.81 3.76

CN1 1.47 2.69 3.73

10 Chinani CN2 1.52 2.62 3.69
CN3 1.45 2.56 3.77

JM1 155 3.04 3.88

11 Jammu JM2 1.58 3.08 3.93
JM5 1.56 1.79 2.03

DE1 1.56 2.70 4.05

12 Deothi DE2 1.62 2.75 4.10
DE5 1.64 2.81 4.13

BL1 1.61 1.87 2.11

13 Balh BL2 1.62 1.98 2.18
BL3 1.64 1.91 2.33

Cwi 1.63 2.96 3.78

14 Chowari Cw2 1.60 2.93 3.58
Cw3 157 1.97 241

CH1 1.64 2.95 4.01

15 Chamba CH2 1.64 2.97 3.80
CH3 1.63 3.03 3.79

Mean 1.67 2.87 4.04

CDo.05 0.04 0.07 0.37
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Table 4.19: Sitewise Catkin length (cm) recordedtal, I, Ill, IV & V stages in the
genotypes ofSalix tetrasperma

Sr No. | Site Stage | Stage | Stage Il Stage IV Sge V
1 Devamanal 0.65 1.22 1.61 2.86 3.55
2 Jakholi 0.61 1.30 1.68 2.96 4.49
3 Rampur 0.67 1.20 1.64 2.98 3.83
4 Rupnagar 0.96 1.52 1.88 3.23 5.85
5 Tandi 1.01 1.48 1.88 3.25 4.68
6 Suhanpur 0.98 1.53 1.93 3.26 5.62
7 Hamirpur 0.71 1.34 1.69 3.10 4.21
8 Nambhol 0.60 1.24 1.62 2.99 4.07
9 Bhunter 0.55 1.19 1.59 2.87 3.84
10 Chinani 0.51 1.07 1.48 2.62 3.73
11 Jammu 0.71 131 1.56 2.64 3.28
12 Deothi 0.65 1.26 1.60 2.75 4.09
13 Balh 0.65 1.23 1.62 1.92 2.21
14 Chowari 0.69 1.22 1.60 2.62 3.26
15 Chamba 0.65 1.15 1.64 2.98 3.87

Mean 0.71 1.28 1.67 2.87 4.04
CD.05 0.03 0.03 0.026 0.043 0.36

4.2.3.2 Duration of flowering per branch (Days)

Flowering in trees is a complex process that shetumany different developmental
stages. Trees interact with environmental conditidmroughout the year and especially
flowering is highly influenced by seasonal climaticanges. In general, the time duration
between initiation and completion of flowering daa correlated with the growth habit of the
tree that in turn influenced by the climatic rargfespecies (Sedgley and Griffin, 1989). A
knowledge of flower bud development and maturatisnessential in any breeding

programme, especially in willows in which infloresce is there instead of complete flower.

Data appended in Table 4.20 revealed that maxirdays (14.33) of flowering per
branch was noticed in genotype RN3 which was izl at par with genotypes RN1
(13.67), RN4 (13.00) and TD1 (12.67). Minimum (5.3Riration of flowering per branch
was recorded in CW2 which was statistically at path BL3 (5.33), CW1 (5.67), BL2
(6.00), JM5 (6.67), IM2 (6.67), CN3 (6.67) and NM3O0).
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Among the sites (Table 4.21), maximum (13.67) tonaof flowering was recorded
in site Rupnagar which was followed by site Tardidi.{ 1), Suhanpur (11.22) and Devamanal
(20.22). Minimum (5.78) duration of flowering wascorded in site Chowari which is

statistically at par with site Balh (5.89).
4.2.3.3 Anthesis duration per catkin (Days)

Data presented in Table 4.20 revealed that geeoBll, CH3 and CW1 showed
maximum days i.e 5.67 days for anthesis duration qagkin which was followed by
genotypes DE2 (5.33), CH1 (5.33) and CH2 (5.00).

Among the sites (Table 4.21), the site Chamba aaith Bhowed maximum (5.33)
anthesis duration per catkin which was statistycall par with genotype Deothi (5.00).
Minimum anthesis duration per catkin (4.11) wa®rded in Jakholi and Devamanal.

4.2.4 Pollen viability and germination
4.2.4.1 Pollen collection

Pollen grains of different genotypes ®lix tetraspermavere collected in the month
of March during 2023 both by direct extraction dnyda solvent method using toluene and
are shown in Plate No. 1.4. Choudhary and Singh3P0onducted study on pollen $&lix
species and collected pollen grains of differemtcsgs / clone in bulk from January to March

by both direct extraction from catkins and solverethod.

4.2.4.2 Pollen viability (%)

Data presented in Table 4.20 revealed that peil@nlity was found to be maximum
(96.43%) for genotype RN1 which was statisticaltypar with genotype DM3 (92.22%)
DM4 (92.68%) DM5 (92.38%) JA1(93.95%), JA3 (94.09%)\4 (94.66%), RN3 (95.09%),
RN4 (94.37%), SP1 (93.72%), SP3 (91.69%), SP4 490)5HM1 (91.40%), HM2(94.67%),
HM4 (92.00%), BN2 (93.11%), BN5 (92.66%), BN6 (®BP0), CN1 (92.70%), CN2
(92.07%), CN3 (92.61%), JM1 (92.46%), JM2 (92.76IN5 (91.76%), DE1 (93.96 %),
DE2 (93.76%), DE5 (94.91%), CH1(87.44%), CH2 (86a33and CH3 (89.13%). The
minimum value for pollen viability was recorded fgenotype TD3 (83.30%). The results of
the present study are comparable with results édaby Vermeet al. (2011) who studied
floral biology and pollen handling @rewia optivaDrummond and found that pollen grains
were dark yellow in colour and the size of polleried between 43-53.1 microns in size
among different genotypes. They further observdtépwiability varying from 77.19-80.30
per cent.
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c) Catkin dehiscence in lab

d) Pollen collection by toulene
method

Plate 1.4: Collection of Pollens



W [ Non viable pollen ]

Plate 1.5: Pollen Viability




Table 4.20:

Flowering period per branch, anthesis aration per catkin (days), pollen

viability and pollen germination in the genotypes bSalix tetrasperma

Sr. | Site Genotypes Flowering Anthesis Pollen viability Pollen
No. period per duration per (%) germination
branch (days) | catkin (days) (%)
DM3 11.00 4.00 92.22 (73.97) 75.27(60.38
1 | Devamanal DM4 9.67 4.00 92.68 (74.40) 73.07(58.75
DM5 10.00 4.33 92.38 (74.61) 71.53(57.84
JA1 8.00 4.00 93.95 (76.12) 72.30(58.31)
2 | Jakholi JA3 9.00 4.33 94.09 (76.04) 73.97(59.57)
JA4 9.67 4.00 94.66 (76.66) 75.47(60.63)
RP1 9.00 4.33 88.77 (70.77 75.77(60.91)
3 | Rampur RP2 8.33 4.33 88.80 (70.63 73.90(59.42)
RP3 8.67 4.67 88.94 (70.77 74.30(59.57)
4 RN1 13.67 4.33 96.43 (79.17 78.90(62.69)
Rupnagar RN3 14.33 4.33 95.09 (77.36 75.73(60.47)
RN4 13.00 4.67 94.37 (76.51 72.13(58.28)
TD1 12.67 4.00 86.54 (68.93) 67.17(55.04)
5 | Tandi TD2 12.33 4.33 85.91 (67.99) 67.40(55.17)
TD3 11.33 4.33 83.30 (65.93) 64.27(53.27)
SP1 12.00 4.33 93.72 (75.80 72.90(58.74)
6 | Subhanpur SP3 11.00 4.33 91.69 (73.35 71.67(57.83)
SP4 10.67 4.33 90.54 (72.52 71.63(57.84)
HM1 8.33 4.00 91.40 (73.07) 68.63(55.95
7 | Hamirpur HM2 8.00 5.00 94.67 (76.78) 73.17(58.93
HM4 7.67 4.67 92.00 (73.59) 74.00(59.48
NM2 8.00 4.33 87.86 (69.90) 69.39(56.39
8 | Namhol NM4 7.67 4.33 88.05 (69.83) 67.88(55.47
NM5 7.00 4.33 90.41 (72.06) 72.33(58.28
BN2 10.00 4.33 93.11 (74.96) 77.20(61.46)
9 | Bhunter BN5 8.00 4.67 92.66 (74.52) 70.93(57.49)
BN6 9.00 4.00 94.05 (75.98) 73.33(59.04)
CN1 7.33 4.00 92.70 (74.68) 73.10(58.86)
10 | Chinani CN2 8.00 4.33 92.07 (73.70) 70.57(57.3%)
CN3 6.67 4.33 92.61 (74.53) 71.97(58.15)
JM1 8.00 4.33 92.46 (74.30) 71.93(58.14)
11 | Jammu JM2 6.67 4.67 92.76 (74.57) 69.63(56.60)
JM5 6.67 4.33 91.76 (73.99) 72.57(58.51)
DE1 7.33 5.00 93.96 (75.63) 71.53(57.85)
12 | Deothi DE2 8.00 5.33 93.76 (75.63) 72.50(58.50)
DE5 8.67 4.67 94.91 (76.98) 69.67(56.689)
BL1 6.33 5.67* - -
13 | Balh BL2 6.00 5.00* - -
BL3 5.33 5.33* - -
Ccwi1i 5.67 5.67* - -
14 | Chowari CwW2 5.33 4.00* - -
CWs3 6.33 4.33* - -
CH1 7.67 5.33 87.44 (69.28) 67.43(55.25)
15 | Chamba CH2 7.67 5.00 86.83 (68.84) 71.00(57.43)
CH3 7.67 5.67 89.13 (70.92) 71.73(57.97)
Mean 8.74 4.53 91.50 (73.46 91.49
CDp.05 1.71 NS 5.07 NS

Values in parenthesis are arcsine transformed salue
*Pistillate flowers were observed for stigma reogpt duration
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Data appended in Table 4.21 showed that the maximollen viability percentage
(95.30 %) was recorded for site Rupnagar whereasnimimum (85.25%) recorded for

Tandi site.

4.2.4.3 Pollen germination

Appraisal of Table 4.20 showed that maximum geatim percentage (78.90 %) was

recorded for genotype RN1 while minimum (64.27 %8swecorded for genotype TD3.

Data appended in Table 4.21 showed that maximulherpgermination percentage

(75.59 %) was recorded for site Rupnagar whereasmmm (66.28 %) recorded in site

Tandi. Pollen germination and pollen tube growth sttown in Plate 1.6.

Table 4.21: Sitewise flowering period per branch ath anthesis duration per catkin and
pollen viability in the genotypes ofSalix tetrasperma

Sr. No. | Site Flowering Anthesis Pollen viability Pollen
period per duration per (%) germination
branch (days) catkin (days) (%)

1 Devamanal 10.22 4.11 92.42 (74.33) 73.29(59.00)
2 Jakholi 8.89 4.11 94.23 (76.27 73.91(59.50Q)
3 Rampur 8.67 4.44 88.84 (70.61 74.66(59.97)
4 Rupnagar 13.67 4.44 95.30 (77.68) 75.59(60.4B)
5 Tandi 12.11 4.22 85.25 (67.50 66.28(54.49)
6 Suhanpur 11.22 4.33 91.98 (73.89) 72.07(58.14)
7 Hamirpur 8.00 4.56 92.69 (74.48 71.93(58.12)
8 Nambhol 7.56 4.33 88.78 (70.60 69.87(56.71)
9 Bhunter 9.00 4.33 93.27 (75.15 73.82(59.33)
10 Chinani 7.33 4.22 92.46 (74.31 71.88(58.11)
11 Jammu 7.11 4.44 92.33 (74.29 71.38(57.75)
12 Deothi 8.00 5.00 94.21 (76.15 71.23(57.68)
13 Balh 5.89 5.33* - 70.06(56.86)

14 Chowari 5.78 4.67* - 73.29(59.00)

15 Chamba 7.67 5.33 87.80 (69.69) 73.91(59.50)

Mean 8.74 4.53 91.51(73.46) 72.00(58.16)
CD.05 0.99 0.72 2.93 NS

Values in parenthesis are arcsine transformed salue
*Pistillate flowers were observed for stigma redgpt duration

Table 4.2.5 Autumn season flowering

Genotypes from Punjab RN1, RN3, RN4, TD1, TD2, TB®R1, SP3 and SP4 were
observed to have flowering two times i.e once imthoof October 2022 and other in the
month of January- February 2023.
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a) Pollen germination initiation

\ Pollen tube ]

- Ginrd ‘

b) Pollen germination 15% sucrose

Plate 1.6: Pollen germination



A perusal of Table 4.22 revealed that genotype Hh@8wed maximum duration
(23.66) for reproductive bud swell whereas minimimnd swell duration (22.33) was
recorded for genotype RN1 and TD3. Site Suhanpowet maximum reproductive bud
swell duration (23.88) whereas Rupnagar showedmum duration (22.77) for reproductive

bud swell.

Table 4.22 Autumn season flowering in some genotypef Salix tetrasperma

S. | Site Genotype Bud swell | No. of Bud burst No. of | Flowering | No. of
No. duration Days duration Days duration days
RN1 11-09-2022| 22.33 1-10-2022 12.66 8-10-2022 | 12.00
to to to
6-10-2022 12-10-2022 19-10-2022
RN3 12-09-2022| 23.33 1-10-2022 12.66 5-10-2022 | 12.33
1 Rupnagar to to to
6-10-2022 13-10-2022 19-0-2022
RN4 11-09-2022| 22.66 3-10-2022 13.33 05-10-2022| 12.00
to to to
6-10-2022 13-10-2022 17-10-2022
Mean 22.77 12.88 12.11
TD1 11-09-2022 23 30-09-2022 | 12.66 7-10-2022 | 11.66
to to to
5-10-2022 11-10-2022 18-10-2022
TD2 10-09-2022 | 23.66 1-10-2022 11.33 5-10-2022 | 11.00
2 Tandi to to to
6-10-2022 12-10-2022 16-10-2022
TD3 10-9-2022 | 22.33 1-10-2022 13.00 5-10-2022 | 12.33
To to to
4-10-2022 13-10-2022 17-10-2022
Mean 22.99 12.33 11.66
SP1 13-09-2022| 23.66 3-10-2022 13.66 5-10-2022 | 13.66
to to to
7-10-2022 12-10-2022 17-10-2022
SP3 12-09-2022| 24.66 2-10-2022 13.00 4-10-2022 | 12.66
3 Suhanpur to to to
7-10-2022 13-10-2022 16-10-2022
SP4 12-09-2022| 23.33 2-10-2022 12.66 6-10-2022 | 12.00
to to to
6-10-2022 12-10-2022 17-10-2022
Mean 23.88 13.11 12.77

Table 4.22 showed that maximum bud burst duraticdh66) was recorded for SP1

whereas minimum (11.33) was showed by genotype TAximum bud burst duration

(13.11) was recorded for site Suhanpur while mimmwias for site Tandi (12.33).
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Flowering duration was maximum (13.66) for genetyg1 and minimum (11.00) for
the genotype TD2. Site Suhanpur showed maximumeilmg duration (12.77) whereas

Tandi showed minimum (11.66).

In their study of the phenological stages of will(5alix), Margaret and Kuzovkina
(2010) found that the stage of the bud coveredlbsed scales was obtained after leaf fall
and thatSalix gracilistylabud scales initially appeared glossy red beforaitgr purple or
tan. The change in bark coloration may be causednitiyocyanin content when exposed to
sunlight. It was concluded that depending on trexigs, the colour of generative bud scales
varies from green to reddish, brownish, or yelldwiBurther observation revealed that at the
time of generative bud swell stage, the colour lzgnge as well as surface also alter (from
glabrous to pubescent), indicating a transitiomfldormancy to flower development. Species
and clonal difference isalix with regard to bud flushing was documented by Rbémng-
Wa'stljung and Gull-berg (1999).

The pattern of flowering observed in present stiggimilar to that obtained by
Choudharyet al. (2011) who studied phenology and reproductivedgglof important nine
willow species and observed th&alix tetrasperma, S. alband S. nigra flowered in
staggered pattern from end of January to the laskwof March. Pargt al. (2003) undertook
study on anthesis iGrewia optivaand they noticed that temperature had a signifitapact
on the flowering. According to Chauhat al (2004), the increase in temperature had an
effect on flowering which occurred from March to iipn Dalbergia sissooThe anthesis,
according to their observations, lasted from 1@060until 2:00 pm. The anthers dehisced in
the morning hours when the flower was in the bagest just before it bloomed. In our study,
the anthesis duration per catkin was found to besignificant. Similarly, Maloof (2000),
who studied longevity of flowers i€orydalis caseanand found that the flowers stayed
open and healthy for about 4 days, followed theeixnating system, were self-fertile,

produced fewer seeds per fruit and supposed to&atence of inbreeding depression.

Parallel to our study, Kopp (2002) investigated tmability and extraction of pollen
of willow clones. He discovered that toluene camsilgaextract pollen and high pollen
viability was obtained that persisted even afterni@nths of storage at -20°C. The pollen
study ofSalix species conducted by Singhal. (2012) obtained results that are comparable
to those of our current study in terms of polleability and germination. In their study,

pollen grains of various species/clones were cttéan bulk from January to March in
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2009-2010, both by solvent and by direct extracfrmm catkins method. They reported
slightly lower pollen viability than what we obtaid.

The results of pollen germination in the currewidy are statistically non-significant
and somewhat higher than those obtained in they stadied out by Choudhary and Singh
(2013), in which germination percentages varieanfrd6.45 to 54.28 per cent in 2009 and
46.88 to 62.88 per cent in 2012. Pogorzaeal (2016) determined the pollen viability for
both fresh and pollen stored for one yeaBalix lapponumThe results obtained in present
study are parallel to the findings of Nagaragnal (2006) who undertook study on floral
biology, phenology and seed productiorCasuarina equisetifoliand found that pollen was
binucleate and viable up to 99 per cent and castdred (at 4°C) without loss in fertility until

three months.

The findings of the present investigation are iaat with those obtained by Kadri
et al (2021) who reported that fresh pollen Bhoenix dactliferaL. had the maximum
viability (96.3%) and germination (85%), which deeld with increasing storage temperature
(28, 4, and -300°C) and length (3, 6, 9 and 12 m)ntFlowering inShorea robustavas
observed twice a year by Singh and Kushwah (208@jilarly, Kigomo et al. (1994)
reported that flowering and fruiting in dioeciou®d, Brachylaena huillensi€O. Hoffm

occurred twice a year and that was affected byatin

4.3 ESTIMATES OF GENETIC VARIABILITY PARAMETERS

Characters to be selected for improvement areomecof heritable and non-heritable
components. So there is a need for portioning Heeadl variability into its heritable and non-
heritable components. Genetic improvement of ararastter cannot be done without having
sufficient knowledge of heritability, genetic adean and genetic variability.. Hence,
heritability and genetic advance play importaneriol selecting a genotype that exhibits more

effectiveness of selection by excluding environrakimfluence from total variability.

4.3.1 Vegetative and reproductive bud charactersmal leafy days parameters

It is evident from Table 4.23 that Vegetative buddb during whole year duration
showed the widest range of values (218-290) andodegtive bud burst duration had
maximum value of coefficient of variation (9.41)h@ maximum phenotypic coefficient of
variation (20.61) was exhibited by reproductive bdudst duration while minimum (4.12)

65



was estimated for total number of leafy days. Simjl as regards to genotypic coefficient of
variation, reproductive bud burst duration exhithitthe maximum (18.34), while the

minimum was noticed for total number of leafy d§y95).

Highest heritability was recorded for vegetativel lswell whole year duration (99.44
%) followed by vegetative bud burst whole year tiora (97.99 %), total leafy days
(96.55%), vegetative bud burst in spring 2023 (B%B reproductive bud burst duration
(79.17 %), vegetative bud swell in spring 2023 483%), vegetative bud swell in spring
2022 (62.80%), while moderate heritability was reled in vegetative bud burst in spring
2022 (39.79%). The timing or duration of Bud flus&s repeatedly been shown to be under

strong genetic control iRopulus(Bradshaw and Stettler 1995).

The low genetic advance as percentage of mean bser\ed for vegetative bud
burst spring 2023 (2.79 %), reproductive bud b(&#2 %), reproductive bud swell (0.98
%), vegetative bud burst spring 2022 (0.65), vatet bud burst spring (0.31%), vegetative
bud swell whole year (0.08 %), vegetative bud buisble year (0.08 %), total number of
leafy days (0.03 %).

4.3.2 Leaf shedding parameters

Critical appraisal of Table 4.24 revealed thatwheest range of values (26.00- 78.67)
was showed by complete leaf fall. Leaf sheddingattars had coefficient of variation range
from 04.39 percent in complete leaf fall to13.26cpat in 80 per cent to complete leaf fall.
The maximum phenotypic variance (133.06) was foumccharacter complete leaf fall
whereas minimum phenotypic variance was recorde@Onper cent complete leaf fall
(06.81). The maximum magnitude of genotypic vara(i29.94) was found in complete leaf
fall character, while minimum (05.65) for 80 pent& complete leaf fall.

Genetic parameters for leaf shedding charactergcteepthe highest magnitude of
PCV for character 50 percent to 80 per cent leatldimg (34.18%) followed by 80 per cent
to complete leaf shedding (32.18%). Similarly hghmagnitude of GCV was showed for
character 50 percent to 80 per cent leaf shedd3@gp{ %) followed by 50 percent to
complete leaf shedding (30.16 %).
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All the characters depicted high heritability excepgetative bud burst in spring
2022. The highest heritability was estimated fmmplete leaf fall (97.66 %) followed by 80
per cent leaf shedding (96.08 %).

The moderate genetic advance as percentage of wasanbserved for 80% to 100%
leaf fall (17.85%) and 50 per cent to 80 per ceaf shedding (12.53%). The low genetic
advance as percentage of mean was observed f@erSent to complete leaf fall (7.47 %),
50 per cent leaf shedding (03.62 %), completesbafiding (02.41 %) and 80 per cent leaf
shedding (0.08 %).

4.3.3 Catkin length (cm) at different stages, floering period per branch and pollen
viability of Salix tetrasperma genotypes.

Table 4.25 revealed that the widest range of va(88s30-96.43) was recorded in
pollen viability and maximum coefficient of variati (12.04) was found in flowering period
per branch while minimum (1.60) in stage IV. Phgpat variance (15.57) was recorded
highest in pollen viability followed by floweringep branch and lowest in catkin length at
stage I, 1l and I. Similarly maximum genotypic nance (5.89) was recorded in pollen
viability and minimum in catkin length at stagél},lll.

Maximum phenotypic coefficient of variation (27.46) was exhibited by flowering
per branch while minimum (5.37 %) by pollen viatyili As regards to the genotypic
coefficient of variation, flowering period per bdnexhibited the maximum (24.62 %), while

the minimum was noticed in pollen viability (3.30.%

Highest heritability was recorded for stage IV @B%) followed by stage 1 (95.61
%), stage Il (95.50 %), stage Il (95.04 %), stag€94.64 %) and moderate by pollen
viability (37.86 %). Similarly high genetic advanas percentage of mean was observed for
stage | (100.19 %) , moderate genetic advance rasmage of mean by stage 1l (20.23 %),
stage V (11.78 %) and low genetic advance as p&gerof mean by stage 1l (9.52 %),
stage IV (9.10 %), flowering period per branct2@%) and pollen viability (0.07 %).

Alder (2021) evaluatedPopulus trichocarpahybrids collected from six distinct
locations in Sweden and the Baltics to determimmadhsense heritabilities and genotype-by-
environment interactions for phenology and growtrameters. Using GxE interaction
analysis, they found that the heritabilities foepblogy characteristics ranged from 0.31 to
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Table 4.23: Genetic parameters for vegetative anceproductive bud characters and leafy days amon§alix tetrasperma genotypes.

GENETC Vegetative Bud swell in| Vegetative Bud burst | Vegetative | Vegetative Bud| Reproductive | Reproductive Total

PARAMETERS spring duration spring duration Bud swell burst whole Bud swell Bud burst number of
whole year | year duration duration duration leafy days

duration

Year 2022 2023 2022 2023 2022 2022 2022 2022 2022

Range 23.67-29.00 20.33-29 | 11.00-16.00 6.33-16 231-300 218-290 14.33-37.00 10.33-25.67292-348

Coefficient of 4.48 5.28 7.19 2.79 0.68 1.23 3.35 941 | 0.76

Variation

Phenotypic 3.46 4.94 1.31 5.81 549.83 473.99 22.01 14.44 | 157.44

Variance

Genotypic 2.17 3.13 0.52 4.70 546.77 464.48 20.07 11.44 | 152.01

variance

Phenotypic

coefficient of 4.49 5.28 7.19 8.85 9.11 8.82 17.61 20.61 4.12

Variation

Genotypic

coefficient of 5.83 6.96 5.85 18.18 9.09 8.73 16.82 18.34 4.05

Variation

Heritability (%) 62.80 63.49 39.79 80.85 99.44 97.99 91.17 79.17 96.55

Genetic advance 2.41 2.91 0.94 4.01 48.03 43.95 8.81 6.20 24.96

Genetic Gain (%) 0.31 0.37 0.65 2.79 0.08 0.08 0.98 2.42 0.03
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Table 4.24: Genetic parameters for leaf shedding enacters amongSalix tetrasperma genotypes.

GENETIC 50%Complete leaf fall 80%Complete leaf | Complete leaf | 50% to 80% | 50% to 100% | 80% to 100%
PARAMETERS fall fall leaf fall leaf fall leaf fall
Range 13.33-42.00 20.67-62.00 26.00-78.6/7 05.33-20.00 33tB6.67 04.33-16.67
Coefficient of Variation 7.57 5.88 04.39 10.55 06.71 13.26
Phenotypic Variance 45.80 90.93 133.06 10.85 30.07 06.811
Genotypic variance 42.91 87.36 129.94 9.82 28.65 05.65
Phenotypic coefficient of 30.13 29.71 28.69 34.18 30.89 32.18
Variation

Genotypic coefficient of 29.16 29.12 28.35 32.51 30.16 29.32
Variation

Heritability (%) 93.68 96.08 97.66 90.48 95.28 83.01
Genetic advance 06.77 18.87 23.20 06.14 10.77 4.46
Genetic Gain (%) 03.62 0.08 02.41 12.53 7.47 17.85
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Table 4.25: Genetic parameters for catkin length (@) in different development stages, flowering period per branch and pollen viability
among Salix tetraspermgenotypes.

GENETIC Stage | Stage |l Stage Stage IV Stage V Floweng period Pollen
PARAMETERS per branch (days) viability
(%)
83.30
L (65.93)
Range 0.48-1.03 1.06-1.57 1.45-1.95 01.79-0328 02.03®6. 5.33-14.33 106.43
(79.17)
Coefficient of Variation 4.56 2.37 1.65 1.60 5.54 12.04 4.23
Phenotypic Variance 0.02 0.02 0.02 0.15 0.94 5.74 15.57
Genotypic Variance 0.02 0.02 0.02 0.15 0.88 4.63 5.89
Phenotypic coefficient of\ ) ;g 10.64 7.81 13.59 23.94 27.40 5.37
Variation
Genotypic coefficientof |, 3, 10.37 7.63 13.49 23.29 24.62 3.30
Variation
Heritability (%) 95.61 95.04 95.50 98.62 94.64 80.71 37.86
Genetic advance 0.30 0.27 0.26 0.79 1.89 3.98 3.08
Genetic Gain (%) 100.19 20.23 9.52 9.10 11.78 6.22 0.07
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Table 4.26. Correlation of different character

Lat | Alt | VBS22] VBB22 | VBS23] VBB23 | VBSW | VBBW | LD 50LS | 80LS | 100LS| RBS| RBB|  Catl FB
Lat 1 | -0.216*| 0.218% -0.251* 0.156 | 0.417**|-0.351* | -0.190* | -0.256**| -0.146 | -0.204*| -0.206% 0.797*{ -0.787*F-0.366** | -0.509**
Alt 1 |-0.029| 0.080| 0088 -0.5751%0.753* |-0.628**|-0.428+| -0.133 | -0.211*| -0.282*{-0.250** | 0.234** | -0.451** | -0.374**
VBS22 1 | -449%| 595+ | 0.009 | -0.117| -0.031] -0.247%-0.328*[-0.312*|-0.314**| 0.027 | -0.001| -0.011| -0.08§
VBB 22 1 |-265%| -0.011| 0.125| 0.088] 0.187f 0.208¢ .0241}* 0.241f* 001 | 0.101 | 0.015| 0.254%
VBS23 1 | 0062 -0128 -0.148 -0.365%0.261* |-0.252** |-0.305**| 0.083 | -0.021| 0.178% 0.076
VBB23 1 | -734%| -0.807* -0.535% | -.280** |-0.366** | -0.427** | 0.319** | -0.290** | -0.578** | -0.635**
VBSW 1 | 0.716"| 0.501* 0.078| 0.2011 0.269% 0-120 | 0.181*| 0.682* 0.652*
VBBW 1 | 0.4627| 0.131| 02227 0.277*] -0.085 0.133 | 0.479*| 0.475*
LD 1 | 0.760*| 0.830% 0.871*| -0.122| 0.189% 0.390** | 0.446**
50LS 1 | 09757 09537 -0.118 0.117 0.224F0.330*
80LS 1 | 09877 -0.135 0.142 0.292}* 0.426
100LS 1 -0.133 0137  0.201f* 0.434p
RBS 1 | -0.805%-0.275* | -0.299**
RBB 1 | 0.259% 0.269*
CatL 1 | 0.680*
FB 1

Lat= Latitude, Alt= Altitude, VBS22= Vegetative thswell in year 2022, VBS23= Vegetative bud sweléar 2023, VBB22= Vegetative bud burst in yed&220/BB23=
Vegetative bud burst in year 2023, VBSW=VegetaBuel swell whole year duration, VBBW=Vegetative Buatst whole year duration, LD=Leafy days, 50LS= 5%
shedding days, 80LS= 80% leaf shedding days, 10@&@nplete leaf shedding days, RBS=Reproductive 8uell, RBB= Reproductive Bud burst, CatL= Catkindéh at
satage V, FB= Flowering per branch
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0.91. He came to the conclusion that, followingvgio features, phenology was a key
selection criterion. In aspen, Luquetzal. (2008) found that phenological traits had moderat
within-populations heritabilities and which is gieathan heritability showed by growth
traits inPopulus tremula.The numerous documents showed that the bud-timirginw
families in conifers is moderately to strongly ungenetic control (Aitken and Adams 1997).
Bud flush in poplars showed a broad sense heiittabdinging from 0.80 to 0.94 (Howet al
2000). Different selection pressure on these tywegyof traits may be one explanation for the
genetic structural differences between the growatth laud flush characters that were seen in
this study. Since the climate can change not oelyvben years but also between various
habitats, such as valleys and slopes, where theofidrost might fluctuate significantly
(R6nnberg-Wastljung 2001), the environmental inficee on bud flush is presumably of

substantial relevance.

4.4. CORRELATION:

Correlation is very important as it helps in fotating suitable selection criteria for
the traits by providing idea regarding associatibesveen the dependent and independent

variables.

441 Latitude

It is evident from Table 4.26 that with latitudeallection sites showed significantly
positive correlation with reproductive bud swelralion (0.797) followed by vegetative bud
burst in 2023 (0.417) and vegetative bud swell 022 (0.218). It had significant negative
correlation with reproductive bud burst duratiod.(87) followed by flowering per branch (-
0.509), catkin length (-0.366), vegetative bud $wlelration (-0.351), leafy days (-0.256),
vegetative bud burst in 2022 (-0.251), completd fal (-0.206), 80 per cent leaf fall (-
0.204) and vegetative bud burst duration (-0.190).

4.4.2 Altitude

Table 4.26 showed that there was significantly pesicorrelation between altitude of
collection sites and reproductive bud burst dura{©.234) whereas there was significant
negative correlation with vegetative bud swell dora (-0.753), vegetative bud burst
duration (-0.628), leafy days (-0.428), 80 per ckyaf shedding (-0.211), complete leaf
shedding (-0.282), reproductive bud swell durat{e®250) and flowering per branch (-
0.374).
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4.4.3 Vegetative and reproductive characters

Vegetative bud swell 2022 had significant positreerelation (0.595) with vegetative
bud swell 2023 whereas it had significant negatimeelation with vegetative bud burst 2022
(-0.449), 50 per cent leaf shedding (-0.328), catepleaf shedding (-0.314), 80 per cent leaf
shedding (-0.312) and leafy days (-0.247).

There was negative and significant correlation efetative bud swell 2023 with leaf
parameters i.e with leafy days (-0.365), complet& kshedding (-0.305), 50 per cent leaf
shedding (-0.261) and 80 per cent leaf shedding2%) and had positive significant
correlation with catkin length at stage V (0.178).

On studying table 4.26, it was revealed that vayetdud swell during whole year
had only positive significant correlation with otheharacters i.e with vegetative bud burst
duration (0.716) followed by catkin length at stag€0.682), flowering per branch (0.652)
and leafy days (0.501).

Table 4.26 showed that vegetative bud burst 2022naximum significant negative
correlation with vegetative bud swell 2023 (-0.26B)y. Positive correlation was observed
between vegetative bud burst 2022 with (0.254),gete leaf shedding (0.241), 50 per cent
leaf shedding (0.208), leafy days (0.187) and 8cpat leaf shedding (0.0241).

The vegetative bud burst 2023 had significant datign with all other characters i.e
positive and significant correlation only with reductive bud swell duration (0.319) and
significant negative correlation with vegetativedbburst duration whole year (-0.807)
followed by vegetative bud swell duration whole yée.734), flowering per branch (-
0.635), catkin length at stage V (-0.578), leafysd#0.535), complete leaf shedding (-
0.427), 80 per cent leaf shedding (-0.366), repcbde bud burst duration (-0.290) and 50
per cent leaf shedding (-0.280).

Vegetative bud burst whole year showed maximumtpessignificant correlation
with catkin length at stage V (0.479) followed bgwering per branch (0.475), leafy days
(0.462), complete leaf shedding (0.277) and 8(Qcpat leaf shedding (0.222).
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Leafy days showed only significant positive cortiela with complete leaf fall
(0.871), 80 per cent leaf shedding (0.830), 50qeet leaf shedding (0.760), flowering per
branch (0.446) catkin length at stage V (0.390) rapadoductive bud burst duration (0.189).

Fifty per cent leaf shedding had significant pesitcorrelation with complete leaf
shedding (0.953), 80 per cent leaf fall (0.97%wkring per branch (0.330) and catkin length
at stage V (0.224). Complete leaf shedding wastigeki correlated with flowering per
branch (0.434) and catkin length at stage V (0.2Bhgre was significant positive correlation
of 50 per cent leaf shedding with 80 per cent &afdding and complete leaf shedding. The
highest positive correlation (0.957) was found lestav 80 per cent leaf shedding and
complete leaf shedding which was followed by catieh with flowering per branch (0.426),
catkin length at stage V (0.292).

The results in Table 4.26 showed that there waatnegand significant correlation of
reproductive bud swell duration with reproductivediburst duration (-0.805) followed by
catkin length at stage V (-0.275). Reproductive budst had positive and significant
correlation with flowering per branch (0.269) falled by catkin length at stage V (0.259).
On the other hand, catkin length (stage 5) hadifstignt and positive correlation with
flowering per branch (0.680).

According to McKownet al (2018), bud break showed a quadratic relationship
latitude, and provenances from the southern andh&mmost regions of species range
typically breaking bud earlier than those from nhédcegions. This pattern contrasted with
study carried on phenology Bbpulus trichocarpaby Evanst al (2014) and Mckowet al
(2014). According to Luqueet al (2008) observed a substantial clinal variatiothvatitude
in case of the date of bud set and the duratidgheofeaf area in aspeRd@pulus tremula but
there was no change in the date of bud flush adohagitudinal cline. Whitteet al (2021)
showed that in a provenance experiment of sycarffrer pseudoplatanuk.) in England
exhibiting adaptive difference among provenanckes,timing of bud burst was negatively
linked with latitude. Sessile oak(ercus petragabud burst showed significant provenance-
based variation according to Ducoussb al. (1996), which was primarily clinal and
connected to the origin's altitude and latitudeeyrhlso observed that in contrast to northern
provenances, southern provenance had early flusichwvas consistent with the findings of
our study. Rossi and Bousquet (2014) found an afgptendency in black spruce, which they

attribute to the species' phenological adaptationthe local environment. Similar results
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were obtained by Luqueat al. (2008) who observed that the traits like the dditbud set
and leaf area duration showed strong clinal vanagiatterns with latitude both field trials,
but bud burst did not change along a latitudinadecbetween populations. However, there
were significant differences in bud flushing betwemdividuals. Diattaet al. (2021)
undertook study on phenology 8tacia senegalrees procured from different range wide
populations and grown in a common garden to stumyetation between phenology and
climate of site of origin. They noticed that theds with early flushing had longer growing
period. They concluded that differences in phenglamong trees appeared to be linked to
climate differences at their site of origin as éhesas significant correlation between duration
of leaf development in common garden and timingvalt as duration of rainy season at site

of origin.

75



Chapter-5
SUMMARY AND CONCLUSION

The present investigation entitledPtfenological Behaviour and Reproductive
Biology of Salix tetrasperma Roxb.” was carried out in the Department of Tree
Improvement and Genetic Resources, Dr. Y.S. Parohaversity of Horticulture and
Forestry, Nauni, Solan (H.P.) during 2021-2023. Ex@erimental material consisted of
genotypes ofSalix tetraspermeacollected from 15 different sites and planted iaghnji
nursery of the department. The vegetative bud swmld burst, leafy days, leaf fall,
reproductive bud swell, reproductive bud burstwBoing, anthesis duration per catkin,

pollen viability and pollen germination were obssaty

5.1 VEGETATIVE CHARACTERS
5.1.1 Vegetative bud swell and bud burst

Vegetative bud swell during spring started on 242021 and last up to 12-02-2022
whereas vegetative bud swell during spring of teary2023 started on 22-12-2022 and last
up to 09-02-2023. The maximum duration for vegetatoud swell (29.00 days) during
spring of the year 2022 was noticed in genotype GhHt was statistically at par with
genotype CH3, BN2, CH2, BN6, SP3, BN5 and CW2 waerminimum duration (22.67
days) was found in genotype CN2 and CN3. In thengpof the year 2023, genotype CH1
showed maximum duration (29.00 days) for vegetdiive swell spring during the year 2023
which was statistically at par with BN2, CH3, BNB12 (28.00), SP3 (27.67), DM5 (27.33),
BN5 (27.33), DE1 (27.33) and DM3 (27.00) whereasoggpe BL3 showed minimum bud
swell duration (20.33).

Site Chamba showed a maximum duration (28.56 diysyegetative bud swell
during spring 2022 that was statistically at pathveite Bhunter whereas minimum duration
(23.22 days) was found in Chinani. The maximum tioma(28.56 days) for vegetative bud
swell spring during the year 2023 was noticed ta §lhamba which was statistically at par
with site Bhunter (21.33) whereas Balh showed mummbud swell duration (21.33 days).

The vegetative bud burst during spring starte®@®91-2022 and last up to 26-02-
2022 whereas the vegetative bud burst durationfreas 09-01-2023 up to 19-02-2023.



The longest vegetative bud burst duration (16.8&yin spring 2022 was recorded
for genotype DM3 followed by NM2, RN4, HM1 and Blwhereas shortest (11.00 days) was
recorded for CH3, CH1, DE1, DE2 and JM1. On theepthand, in the spring of 2023,
maximum duration (16.00 days) was recorded for g BN6 which was statistically at
par with CN1, CN2, NM4, CN3 and NM2 whereas minimwauration (6.33 days) was
recorded for genotype RN3.

The maximum duration for vegetative bud burst§I3ays) during spring 2022 was
recorded for site Devamanal which was statisticatypar with Rupnagar whereas the
minimum (11.11 days) was recorded for Chamba. Fegetative bud burst during spring
2023, maximum duration (15.00 days) was recordedsfte Chinani followed by site
Nambhol, Bhunter and Chowari. On the other handpthemum duration for bud burst (7.56

days) was recorded for site Rupnagar.

5.1.2 LEAFY DAYS

In case of leafy days, the results recorded wegmifeantly different among the
genotypes as well as among sites and the maximunbeof leafy days (348.33) was found
in RN3 followed by RN1, RN4, SP4 and SP3 whereasnimimum (292.00) was found in
genotype DES. The maximum number of leafy days (B89was recorded for site Rupnagar
which was followed by site Suhanpur, Balh, Rampoad &amirpur whereas a minimum

number of days (295.22) was recorded for site Tandi

5.1.3 LEAF SHEDDING

Genotypes of different sites were found statifijiadifferent from each other for the
time taken for 50 per cent, 80 per cent and corapéstf shedding. Maximum no. of days for
50 per cent leaf shedding (42.00) was observed enoGpe RN3 whereas a minimum
number of days (13.33) was recorded in genotype. Rdpnagar site recorded a maximum
duration for 50 per cent leaf shedding (39.00) gredminimum number of days (14.33) was

recorded in the case of site Tandi which was siedity at par with site Deothi.

A maximum number of days (62.00) for 80 per cewtf Ishedding was observed in
Genotype RN3 whereas genotype TD1 recorded a mmimumber of days (20.67) for 80
per cent leaf shedding which was statisticallyat\pith DE1, DE5, NM5, DE2, NM2, TD2
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and CH1. Site Rupnagar showed a maximum durati@6{slays) for 80 per cent leaf
shedding followed by site Rampur, Suhanpur and Bdlereas minimum duration (21.56
days) was observed in the case of site Deothi wivieh statistically at par with site Namhol
and Tandi.

Genotype RN3 recorded a maximum number of day6{Jdor complete leaf fall
followed by RN1, RN4 and RP2 and the minimum nundfetays was observed in Genotype
DE1(26.00) which was statistically at par with DEEM5, DE5, NM2, NM4, TD1, CH1,
CH2, CH3, DM5, TD2 and HM1. Among sites, Rupnagasorded maximum duration for
complete leaf fall (70.56 days) which was followsgsite Rampur, Suhanpur and Balh and
minimum duration (26.56 days) was recorded in Biemthi which was statistically at par

with site Namhol.

Genotype RN3 retained leaves up to maximum nurobeays for leaf shedding from
50 to 80 per cent (20.00 days) as well as from &0cpnt to complete leaf shedding (36.67
days). While BN6 genotype required maximum days32Rfor shedding leaves from 80 per
cent to complete leaf shedding. Among sites, Ruanade required maximum number of
days (17.67) for leaf shedding from 50 to 80 pert,c€l3.89 days) for 80 to complete and
(31.56 days ) for 50 per cent to complete leaf dhveg

This indicates that the timing of critical stages growth initiation i.e. bud and leaf
phonologies as well as that of growth (e.g. groegksation and leaf abscission) are highly
influenced by environmental conditions of origindatherefore were given importance in

breeding.

5.2 REPRODUCTIVE CHARACTERS
5.2.1 Reproductive bud swell and bud burst

Reproductive bud swells in different genotypes$afix tetraspermatarted from 01-
01-2023 to 26-02-2023. The maximum duration for buell (37.00 days) was recorded in
genotype CN3 while minimum bud swell duration (B4days) was recorded in genotype
JA3 which was statistically at par with genotyp&4d.14.67) and JA4(15.00). Comparisons
of sites depicted that genotypes of site Chinami heximum bud swell duration (36.00

days) while site Jakholi recorded minimum bud swalation (14.67 days).
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Reproductive bud burst in different genotypesSafix tetraspermatarted from 10-
01-2023 to 05-03-2023. The genotype JA4 recordexirnan duration of bud burst (25.67
days) which was statistically at par with genotyi#8, JA1, DE2 and RP2. Minimum bud
swell duration (10.33 days) was recorded in ger®@p3 which was statistically at par with
genotype CN2, JM1 and CN1. Among the sites, Jaktesorded maximum bud burst
duration (25.00 days) followed by site Deothi, Rampnd Suhanpur. Minimum bud burst
duration (11.33 days) was recorded in site Chimdnch was followed by Jammu, Chowari
and Chamba.

5.2.2 Flowering and anthesis duration per catkin

Out of forty five genotypes, only six genotypesnedy BL1, BL2, BL3 (from site

Balh) and CW1, CW2, CW3 (from site Chowari) werstilate, while others were staminate.
Different catkin development stages were studietliibwas observed that catkin of genotype
TD3 attained maximum length (1.03 cm) at stage tatkin development while catkins of
genotype SP4, TD1, SP4 and RN4 attained maximugthgid.57 cm), (1.95 cm), (3.28 cm)
and (6.8 cm) at stage I, Ill, IV and V respectwelhereas genotype CN1 had minimum
catkin size (0.48 cm), (1.06 cm), (1.45 cm), (1cA9 and (2.03 cm) at stage |, CN2 and CN1
at stage Il, CN3 at stage Il while JM5 at stageahd V respectively.

Site wise analysis showed that site Tandi recordagimum catkin length (1.01 cm)
at stage I, Suhanpur at stage Il as well as stihgend 1V (1.53 cm, 1.93cm and 3.26 cm
respectively) while Rupnagar at stage V (5.85 ddminani recorded minimum catkin length
for stage I, II, lll and IV (0.51 cm, 1.07 cm, 1.481 and 2.62 cm respectively) whereas Balh
for stage V (2.21 cm).

Flowering in the genotypes collected from PunRN1, RN3, RN4, TD1, TD2, TD3,
SP1, SP3 and SP4 were observed to occurred twa fim@nce in month of October 2022
and other in the month of January- February 2028reds in other genotypes it occurred

only once during January-February 2023.

In case of flowering, maximum duration for flowegi per branch (14.33 days) was
recorded for genotype RN3 maximum duration of flamg was recorded in site Rupnagar
whereas minimum duration of flowering per brancl88days) was recorded in CW2 which
was statistically at par with BL3, CW1, BL2, IMB/3, CN3 and NM5.
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Among the sites, maximum (13.67) duration of flowg was recorded in site
Rupnagar whereas minimum (5.78) duration of flomgrivas recorded in site Chowari

which was statistically at par with site Balh (5.89

Genotype BL1 showed maximum anthesis durationcp#kin i.e 5.67 days. On the
other hand, site wise analysis revealed that sath Bhowed maximum (5.33) anthesis
duration per catkin which was statistically at pgth genotype Chamba (5.33), Deothi (5.00)
and Chowari (4.67). Minimum number of anthesis ddy%1) was recorded in Jakholi which
was followed by Devamanal, Chinani, Tandi, Bhunikamhol, Suhanpur, Jammu, Rupnagar

and Rampur.

5.2.3 Pollen viability and germination

Pollen viability was counted maximum (96.43 %) RN1 genotype which was
statistically at par with DM3, DM4, DM5, JA1, JA3A4, RN3, RN4, SP1, SP3, SP4, HM1,
HM2, HM4 , BN2, BN5, BN6 , CN1, CN2 , CN3, JM1, JM2V5, DE1, DE2, DE5, CH1,
CH2 and CH3 whereas minimum (83.30 %) in TD3. Sanyi maximum pollen germination
percentage (75.59 %) was recorded for site Rupnajareas minimum (66.28 %) recorded

in site Tandi.

5.3 GENETIC PARAMETERS AND CORRELATION

The genetic parameters study revealed that fortrel studied characters, the
phenotypic coefficients of variation (PCV) were leg than analogous genotypic coefficients
of variation (GCV), although there was minimal diénce between corresponding PCV and
GCV values in most of the characters which in tadicated that the characters were highly
influenced by the environment. The highest PCV @&¥/ were noticed in 50 per cent to 80
per cent leaf fall (34.18 % and 32.51 % respectivalhe variability estimation for each trait
revealed that there was variability among all tleeajypes with maximum coefficient of
variation (13.26) in 80 per cent-100 per cent Ee#dding followed by flowering per branch.
The high heritability coupled with low genetic adea as percentage mean were recorded in
most of the characters with maximum value for catkngth (stage 1V) which suggests that
these characters are influenced by non additive getion or were non additive in nature.
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Highest positive and significant correlation (0/P8vas observed between 80% leaf
fall and complete leaf fall and lowest positive asignificant correlation was observed
between vegetative bud swell 2022 and vegetativebuist 2023. On the other hand, there
was maximum negative and significant correlatiorregdroductive bud swell duration with

reproductive bud burst duration (-0.805).

Correlation studies with latitude of collectiontesi showed significantly positive
correlation with vegetative bud swell in 2022 (BR1lvegetative bud burst in 2023 (0.417)
and reproductive bud swell duration (0.797) wherggnificantly negative correlation with
flowering per branch (-0.509), catkin length (-G6R6vegetative bud swell duration in whole
year (-0.351), leafy days (-0.256), vegetative budst 2022 (-0.251), complete leaf shedding
(-0.206), 80 per cent leaf shedding (-0.204) argktegive bud burst (-0.190).

There was significant and negative correlationrwben altitude and most of the
characters except reproductive bud burst durafo23é). The catkin length (stage 5) had
maximum significant correlation with vegetative badell duration (0.682) followed by

flowering per branch (0.680).

CONCLUSIONS

o There were significant variations among genotypssweell as sites ofSalix
tetraspermédor the phenological and reproductive characters.

X All the characters showed the negative correlatidh the latitude and altitude of the
collection site except reproductive bud swell doratvegetative bud burst in 2023
and vegetative bud swell in spring 2022 with the@ude and reproductive bud burst
duration with the altitude of the collection sitekich indicates the adaptiveness of
these characters towards collection sites.

X Genotypes from Punjab flowered twice in a yeaiin.¢he month of October (2022)
and February (2023) which ensured that these gpestgan be exploited for pollen
collection even in the autumn season for the im@noent programme.

X All the characters showed high heritability but Igenetic gain that means characters
are non additive in nature and thus can be imprdwexigh hybridization.

o This study will be useful for best utilization ofrmporal measurements and
Germplasm ofSalix tetraspermafor further improvement programmes &alix

species.
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ANOVA of Genotypes for different parameters under sudy
VEGETATIVE CHARACTERS

APPENDIX —|
ANOVA for vegetative bud swell of the genotypes dBalix tetrasperma Roxb. in spring
2022
Source of error | df | Sum of Square | Mean Sum of Square F-calculated | F-Tabulated
TSS 134 472.15 3.523494
GSS 44 343.4815 7.806397 6.064609 1.514726
RSS 2 15.39259 7.696296 5.979074 3.100069
ESS 88 113.27 1.287205

APPENDIX — I
ANOVA for vegetative bud swell of the genotypes dalix tetrasperma Roxb. in spring
2023
Source of error | df | Sum of Square| Mean Sum of Square F- calculated| F-Tabulated
TSS 134 659.08 4.918519
GSS 44 493.0815 11.2064 6.215893 1.514724
RSS 2 7.348148 3.674074 2.037912 3.100069
ESS 88 158.65 1.802862

APPENDIX - 1l
ANOVA for vegetative bud burst of the genotypes ofalix tetrasperma Roxb. in spring
2022
Source of error | df | Sum of Square| Mean Sum of Squar¢ F-calculated | F-Tabulated
TSS 134 178.000 1.328
GSS 44 103.333 2.348 2.983 1.515
RSS 2 5.378 2.689 3.415 3.100
ESS 88 69.289 0.787

APPENDIX - IV

ANOVA for vegetative bud burst of the genotypes oalix tetrasperma Roxb. in spring

2023

Source of error | df | Sum of Square | Mean Sum of Square F-calculated | F-Tabulated
TSS 134 768.104 5.732
GSS 44 668.770 15.199 13.663 1.515
RSS 2 1.437 0.719 0.646 3.100
ESS 88 97.896 1.112




APPENDIX -V

ANOVA for vegetative bud swell during whole year 202 in the genotypes ofSalix

tetrasperma Roxb.
Source of error | df | Sum of Square | Mean Sum of Square F-calculated | F-Tabulated
TSS 134 62592.104 467.105
GSS 44 61730.104 1402.957 147.612 1.515
RSS 2 25.615 12.807 1.348 3.100
ESS 88 836.385 9.504

APPENDIX - VI
ANOVA for vegetative bud burst during whole year 2@2 in the genotypes ofSalix
tetrasperma Roxb.
Source of error | df | Sum of Square | Mean Sum of Square F-calculated | F-Tabulated
TSS 134 768.104 5.732
GSS 44 668.770 15.199 13.663 1.515
RSS 2 1.437 0.719 0.646 3.100
ESS 88 97.896 1.112

APPENDIX - VII
ANOVA for number of leafy days in the year 2022 inthe genotypes ofSalix tetrasperma
Roxb.
Source of error | df | Sum of Square | Mean Sum of Square F-calculated | F-Tabulated
TSS 134 20834.637 155.482
GSS 44 20304.637 461.469 84.951 1.515
RSS 2 51.970 25.985 4.784 3.100
ESS 88 478.030 5.432

Leaf Shedding Parameters

APPENDIX — VIII

ANOVA for 50 per cent leaf shedding in the genotypeof Salix tetrasperma Roxb. in the

year 2022

Source of error | df | Sum of Square | Mean Sum of Square F-calculated | F-Tabulated
TSS 134 6051.526 45.161

GSS 44 5790.859 131.610 45.496 1.515
RSS 2 6.104 3.052 1.055 3.100
ESS 88 254.563 2.893




APPENDIX - IX

ANOVA for 80 per cent leaf shedding in the genotypeof Salix tetrasperma Roxb. in the

year 2022
Source of error | df | Sum of Square | Mean Sum of Square F-calculated | F-Tabulated
TSS 134 12011.748 89.640
GSS 44 11688.415 265.646 74.473 1.515
RSS 2 9.437 4.719 1.323 3.100
ESS 88 313.896 3.567

APPENDIX — X
ANOVA for complete leaf shedding in the genotypesfd&alix tetrasperma Roxb. in the
year 2022
Source of error | df | Sum of Square | Mean Sum of Square F-calculated | F-Tabulated
TSS 134 17574.193 131.151
GSS 44 17289.526 392.944 126.003 1.515
RSS 2 10.237 5.119 1.641 3.100
ESS 88 274.430 3.119

APPENDIX — XI|
ANOVA for 50- 80 per cent leaf shedding in the gerigpes of Salix tetrasperma Roxb. in
the year 2022
Source of error | df | Sum of Square | Mean Sum of Square F-calculated | F-Tabulated
TSS 134 1433.215 10.696
GSS 44 1341.215 30.482 29.504 1515
RSS 2 1.081 0.541 0.523 3.100
ESS 88 90.919 1.033

APPENDIX - XII

ANOVA for 50 per cent to complete leaf shedding ithe genotypes ofsalix tetrasperma
Roxb. in the year 2022

Source of error | df | Sum of Square | Mean Sum of Square F-calculated | F-Tabulated
TSS 134 3971.437 29.638
GSS 44 3844.104 87.366 61.590 1.515
RSS 2 2.504 1.252 0.883 3.100
ESS 88 124.830 1.419




APPENDIX — XIII

ANOVA for 80 per cent to complete leaf shedding 2@ in the genotypes ofSalix
tetrasperma Roxb. in the year

Source of error | df | Sum of Square | Mean Sum of Square F-calculated | F-Tabulated
TSS 134 905.333 6.756

GSS 44 797.333 18.121 15.661 1.515
RSS 2 6.178 3.089 2.670 3.100
ESS 88 101.822 1.157

REPRODUCTIVE CHARACTERS
APPENDIX - XIV

ANOVA for Reproductive bud swell in the genotypes D Salix tetrasperma Roxb. in

spring 2023

Source of error | df | Sum of Square | Mean Sum of Square F-calculated | F-Tabulated
TSS 134 2907.215 21.696

GSS 44 2734.548 62.149 32.040 1.515
RSS 2 1.970 0.985 0.508 3.100
ESS 88 170.696 1.940

APPENDIX — XV

ANOVA for Reproductive bud burst in the genotypes 6 Salix tetrasperma Roxb. in

spring 2023

Source of error | df | Sum of Square | Mean Sum of Square F-calculated | F-Tabulated
TSS 134 1907.215 14.233

GSS 44 1641.881 37.315 12.406 1.515
RSS 2 0.637 0.319 0.106 3.100
ESS 88 264.696 3.008

APPENDIX - XVI

ANOVA for catkin development at stage 1 in the gertgpes ofSalix tetrasperma Roxb.

Source of error | df | Sum of Square | Mean Sum of Square F-calculated | F-Tabulated
TSS 134 3.127 0.023

GSS 44 3.034 0.069 66.370 1.515
RSS 2 0.001 0.001 0.565 3.100
ESS 88 0.091 0.001




APPENDIX - XVII

ANOVA for catkin development at stage 2 in the gerntgpes ofSalix tetrasperma Roxb.

Source of error | df | Sum of Square | Mean Sum of Square F-calculated | F-Tabulated
TSS 134 2.4665 0.0184

GSS 44 2.3843 0.0542 58.4284 1.5147
RSS 2 0.0007 0.0003 0.3522 3.1001
ESS 88 0.0816 0.0009

APPENDIX - XVIII

ANOVA for catkin development at stage 3 in the gentgpes ofSalix tetrasperma Roxb.

Source of error | df | Sum of Square | Mean Sum of Square F-calculated | F-Tabulated
TSS 134 2.2383 0.0167

GSS 44 2.1698 0.0493 64.6861 1.5147
RSS 2 0.0014 0.0007 0.9046 3.1001
ESS 88 0.0671 0.0008

APPENDIX — XIX

ANOVA for catkin development at stage 4 in the gertgpes ofSalix tetrasperma Roxb.

Source of error | df | Sum of Square | Mean Sum of Square F-calculated | F-Tabulated

TSS 134 20.0592 0.1497

GSS 44 19.8652 0.4515 215.0139 1.5147
RSS 2 0.0092 0.0046 2.1953 3.1001
ESS 88 0.1848 0.0021

APPENDIX — XX

ANOVA for catkin development at stage 5 in the gertgpes ofSalix tetrasperma Roxb.

Source of error | df | Sum of Square | Mean Sum of Square F-calculated | F-Tabulated

TSS 134 113.3554 0.8459

GSS 44 109.2047 2.4819 54.7462 1.5147
RSS 2 0.1612 0.0806 1.7780 3.1001
ESS 88 3.9895 0.0453




APPENDIX — XXI

ANOVA for flowering days per branch in the genotype of Salix tetrasperma Roxb.

Source of error | df | Sum of Square | Mean Sum of Square F-calculated | F-Tabulated
TSS 134 759.93 5.671089
GSS 44 659.9259 14.99832 13.54981 1.514726
RSS 2 2.592593 1.296296 1.171103 3.100069
ESS 88 97.41 1.106902

APPENDIX — XXII
ANOVA for Pollen viability in the genotypes ofSalix tetrasperma Roxb.
Source of error | df | Sum of Square | Mean Sum of Square F-calculated | F-Tabulated
TSS 116 1807.491 15.582
GSS 38 1039.348 27.351 2.828 1.562
RSS 2 33.048 16.524 1.708 3.117
ESS 76 735.095 9.672

Vi
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