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CHAPTER -1

INTRODUCTION

The evolution of man has been inextricably linkeithvthe tangible
and intangible benefits flowing from forests. Howev our focus of
attention has always remained on material benéfits this free natural
resource. The phenomenal pressure of populatiobanization and
industrialization has resulted in over exploitatioh the natural forests,
reducing the forest cover of India from about 40 gent in 1952 to 21 per
cent of its geographical area as against 33 pdrregunired under National
Forest Policy. The present rate of 2.8 per centréstation is troublesome
as compared to 0.07 per cent, per annum for thé gasturies. The
estimates indicate that during 1820-1990 about f@r3ent of forest were
lost to agricultural activities, 27.0 per cent tawh ships, 1.0 per cent to
transmission lines and 3.72 per cent to miscellaseasages (Kapoor,

1991; Anonymous, 2010).

The situation of forest resources in Jammu and Kashtate is no
different from the national scenario. Reports iatkcthat the forest area of
the state is about 20230 sq km (8128 sq km in KasHB066 sq km in
Jammu and 36 sq km in Ladakh) which accounts fouah9 per cent of

geographical area of the state (Anonymous, 201@g. férest cover in hilly

il



areas under which Jammu and Kashmir falls shoul@@eper cent as per
National Forest Policy 1988. Thus, we can say thatforest area in the
state is not adequate and is also shrinking rapglya result of various
pressures exerted by increasing population (humad &vestock),
urbanization, extension of agriculture etc. Soreo to reduce dependence
on forests and at the same time fulfil the growdgegnand of population for
forest products, there is a need to grow and explatable fast growing
tree species outside the conventional forest ai®asondly, some of the
indigenous tree species are endangered and are exdiaction and
therefore need attention from conservation pointied. Alder is one such
species found in Kashmir which has been declarelaad endangered by
Unjuman-e-Falah-I-Islam (UFI), a local Non-Govermtad Organisation of
Harwan, Srinagar. The tree has got multiple utéitd can help in bridging
the gap between demand and supply of fuel wood smdll timber,
therefore, needs to be grown outside forest aredarm lands so that dual
purpose of meeting needs of people and its exterana conservation is

met.

Alder (Alnus spp.) commonly known as “CHAMP” in Kashmir
valley, exhibit a wide diversity and occupy a widariety of ecosystems

throughout the northern hemisphere in the temperstsell as sub-tropical



regions of the world. Genu&lnusis distributed all over Europe, North
America, The USSR, China, Japan, Thailand, South dorth Korea,
Nepal and Bhutan besides Indian sub-continentdikgrsity is so well
pronounced that different species were evolvedfierént climates. There
are as many as 35 species in the world (Mebbet@§9), some of them are
Gray Alder Alnus incana(L.) Moench, European AldeAlnus incana
rugosa(L.) Moench & (Du Roi) Clausen, Red Aldé&inus rubraBong.,
Hazel AlderAlnus serrulata(Ait.) Willd., Green AlderAlnus viridis(Vill.)

Lam. & DC., Sitka AldeAlnus viridis sinuatgRegel) A.&D. Love etc.

In India, Alnusis represented by two species viX.,nepalensiand
A. nitida Endl. (commonly known as Indian AldersA. nitida (West
Himalayan Alder) is confined to North Western Himas from the
Yamuna westwards to Kashmir at altitudes betwee@ 80d 2700 m
(Troup, 1921). This Alder is always found in maguations, mainly along
the beds and banks of streams and rivers. It capeagegariously on new
land thrown up in the beds of rivers, where it ferpure crops, sometimes

of considerable extent (Anon, 1976).

Alder tree is a major fuel wood species in its ®@gd is generally
encouraged in energy plantation (Vimal and Tya8B4). Its heat content

is comparable to Red AldgiAlnus rubra) 600 K cal/kg (Anonymous,
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1980). It has good, even burning characteristic had been used as
firewood species since time immemorial. The speisiextensively used in
the manufacture of plywood, pencil slates, blackrids, bobbins, packing
cases and tea boxes etc (Anonymous, 1980). Thedoartiains 7 per cent
tannins and is used in dying to deepen the colourRabia spp.

(Anonymous, 1972). The young twigs are used fongyihe loads, rope
bridges and in the construction of baskets. Itdias medicinal importance.
It is very good astringent and a decoction of thklis applied externally to

treat swelling and body pains.

The wood is soft, even grained, hard to cut andused for
construction of furniture. Alders are described asnmercial timbers
(Pearson and Brown, 1932). The fresh leaves andscare used as fodder
occasionally (Laure, 1945). It is a pioneer spetesafforestation of land
slips and fresh earth cuttings in hill slopes aedrdded habitats with low
fertility levels (Luna, 1996). These are primarycsessional species
forming Alnus, Popluzommunity on newly formed sites on the river banks

(Puri, 1960).

Under natural condition®\lnus propagates through seed, but its
natural regeneration is negligible in the vallege8 emptiness is a major

cause of poor germination (Thapliyal and Rawat, 1)99%egetative
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propagation of forest tree species is potentiallyywseful for replicating
clonal material for the multiplication of stock fptantation purposes, but
so far no one has applied this method for its répcton. Although some
success has been reported elsewere but it hasc®ved any attention in
the valley. Besides, no information is availabléhwespect to its status and
distribution in the Kashmir valley. Therefore, irder to collect some basic
information with respect to its status, distribatipropagation etc. a project
entitled“Status and Propagation of Alder (Alnus spp.) tree in Kashmir

valley” was undertaken with the following main objectives
» To study status and distribution of Alder tree iaskmir valley

» To study propagation of Ald¢Alnussp.)



CHAPTER -2

REVIEW OF LITERATURE

The discourse of the available literature showd thate a good
information is available with respect to Aldersesidere and same has been
reviewed under different aspects keeping in view tbjectives of the

study.
2.1  Species identification

Alder species can be identified on the basis plogichl and
morphological characters and has been describadage tree, attaining a
height of 80-100 ft and a girth of 6-12 ft, leave$ inches long, elliptical
ovate, acuminate, entire or obscurely crenate. Barkark brown, rough

with deep furrows (Troup, 1921).

The flowers are fully developed from August to Gher. Male
catkins 4-10 inch long, about 4-6 together in te@hiracemes. Female
spikes about 0.3 inch long. Fruiting cones 0.7+c¢h long by 0.5 inch in
diameter in erect lateral racemes. Nut with a nartllickened edge. The
fruits ripen in November-December. The empty coresain long on the

trees (Troup, 1921).



2.2 Distribution

Alder (Alnus spp.) exhibits a wide diversity and occupy a wide
variety of ecosystems throughout the northern heghngiee in the temperate
as well as subtropical regions of the world. Gemlsus (Family :
Betulaceae) is distributed all over Europe, Nortmekica, The USSR,
China, Japan, Thailand, South and North Korea, Napé Bhutan besides
Indian Sub-continent. About 35 species of genusuélare reported from
different parts of the world (Mebberley, 1989). Somf them are Gray
Alder, Alnus incangL.) Moench, European Aldelnus incana rugosé..)
Moench & (Du Roi) Clausen, Red Aldé&inus rubraBong., Hazel Alder
Alnus serrulatgAit.) Willd., Green AlderAlnus viridis(Vill.) Lam. & DC.,
Sitka Alder Alnus viridis sinuata(Regel) A.&D. Love etc. However, in
India, Alnus is represented by only two speciesséharédlnus nepalensis
Don andAlnus nitidaEndl., commonly known as Indian Alders (Troup,

1921).

Species found in India are distributed from east@ynwestern

Himalayas.

1)  Alnusnepalensis Don (Nepalese Alder) Distributed throughout the
Himalayas from the Ravi eastwards at 900-2700 megiones lower,

Khasi hills and the hills of upper Burma (Troup21®. From records

|



it is found that the species was first grown in jBaling forests in

1892 and in Kalingpong forests in 1919 (Ghosh andahi, 1971).

2)  Alnus nitida Endl (West Himalayan Alder) : is confined to north
western Himalayas from the Yamuna westwards to fasht an
altitude between 900 and 2700 m (Troup, 1921). Alder is always
found in moist situations, mainly along the bedd banks of streams
and rivers. It comes up gregariously on new larrdviim up in the
beds of rivers, where it forms pure crops, sometiwieconsiderable

extent (Anonymous, 1976).

2.3  Propagation studies
2.3.1 Maturity indices

In Alder, fruits/cones ripen in November-DecembE&roup, 1921).
Seeds are available in December-January. Fruitséc@me collected by
lopping and drying in the sun. The fruits/cones laeaten with a stick to
extract the seeds (Luna, 1996). There are abo6t rhillion seeds per kg.
The percentage of purity is as low as 48 per cé&he initial moisture
content of seeds is about 16.1 per cent and havigedl viability upto 6

months (Thapliyal and Rawat, 1991).

The available literature scanned on Alder doesshotv any work on

its maturity indices. Therefore, an attempt hasnbeede hereunder to
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review the literature with respect to seed andmtsturity on other tree

species.

The knowledge of exact stage and time of seed ihaisressential
for collection of abundant quantity of healthy aridorous seeds (Troup,
1921). Seeds collected when fully ripe retain \igblonger than the seeds
collected when immature (Harrington, 1970, Stetral, 1974). Immature
seeds are low in viability and often produce lowgour and deformed
seedlings (Suchbest, 1956; Heit, 1961). In Hooldfjpterocarpus
retusud, seeds collected during first half of March shdwaaximum
germination percentage (Thaket al, 2000). Similarly seeds diimus
wallichiana (Elm) collected on 8 week of March showed highest
germination percentage of 96 per cent (Béiaal, 2007a). Seeds of some
species were capable of germinating a few daysviatlg anthesis (Gill,
1938, McAlister, 1943, Hume, 1984). Immature sedds if they are
allowed to dry out (Harrington, 1972). Thus fruibllection should be
started only when the seeds are sufficiently maflinerefore, indicators of
maturity for individual species is a must, so tballection is made right in
time. Otherwise immature collection of seeds wasult in loss of time,

money and failure of plantations.



The seeds of Alder are very weak and light andldwaed to ripe
fully, these may get dispersed and may be carnealyay wind. So the
seeds need to be collected when they are suffigiemture and cones are
about to open. Change in colour of fruit providesimple and in some
species a reliable criteria for judging seed matykVillan, 1985). In Semal
(Bauhinia retus® the change in fruit colour from green to dark end
from green to whitish brown is a useful indicatbnmaturity (Upadhayagt
al., 2006). A relationship is often established betweseed colour and
maturity and thus is often used to determine phggioal maturity of tree
seeds as iRlatanus occidentaligBonner, 1972) anQuercusspp. (Bonner,
1974). In such cases, fruit/seed colour changesuswally from green or
white when immature to various shades of yellowgwor or grey when
mature. The change in fruit colour has been shanpetthe best available
criteria for judging the maturation of seedsFicus benjaminandCarissa

opaca(Mathaniet al, 1987).

Various workers have reported the maturity of tenouus trees based
on specific gravity of cones, e.Binus elliottii, P. palustrisandP. taeda
(Barnett, 1979)Pinus strobugBonner, 1976) andbies pindrow(Singh,
1998). The specific gravity of mature cones in caté’icea smithiana

(spruce) varied from 0.97 to 0.99 and moisture eatnfrom 20.97 to 22.12



per cent, respectively (Singh, 1989). The relatigmsbetween declining
cone specific gravity and increasing seed gernonathas also been
reported by a number of workers for different trggecies (Cram and
Worden, 1957; Fenton and Sucoff, 1965, Veracion Badolina, 1971,

Rietveld, 1978).

Singh and Kachari (2006) reported that the gertidngpercentage
of seeds increased with decrease in specific gravitl moisture content of
cones ofPinus kesiya(Khasi pine). InCeltis australis(Hackberry tree)
germination percentage increased from 0 to 23 pet as the specific
gravity decreased from 1.22 to 1.03 respectiveindls 2006). Effect of
seed weight, nitrogen source and split applicatorthe growth ofCeltis
australis was studied by Saleeet al. (1994) and reported that low seed
weight gave the better germination whereas seesllmaged from heavy
seed weight were healthy and having better groBtmat et al. (2007a)
reported that seed weight increased from seed oj@vent stage upto its
maturity and was maximum at its maturity. Variatiorseed maturity often
occurs among individual trees and even at diffesgaiés of a single tree.
The slight difference in aspect, elevation and ottlematic conditions
affects the time of maturity of the cones. It evanies from cone to cone of

the same tree (Ching, 1960) between trees of time séand (Allen, 1958a),



between stands in the same year (Fowells, 1949aks0dfrom one year to
the next (Allen, 1958b). In such circumstances gigegravity proves as a

useful guide for seed collection.

Seedlings raised from heavy seeds in casgueircus dilatatgMoru
oak) gave highest biomass, germination and growtipdthi and Khan,
1990). The acorns oQuercus shumardiand Q. alba showed a steady
increase in dry weight till the final collectionpWwever, the fresh weight of
both the species after increasing throughout tresae levelled off in

October (Bonner, 1974).

In Altriplex cordobensis (Aiazzi et al, 1988) and Fraxinus
pennsylvanicgBonner, 1973), fruit, fresh weight declined in fival phase
because of loss of moisture from seed. Maximumhfregight does not
indicate the physiological maturity because theumiat) seed begins losing
water while nutrients are still being accumulated hiochemical processes
are continuing (Willan, 1985). The most generalbcepted measure of
maturity is the time when the seed has reachemaemum dry weight, a

point called physiological maturity (Harrington,79.
2.3.2 Nursery raising from seeds

Seeds of most species Afnus characteristically show poor seed

germination. Data from some species in the Unit¢akeS reveal seed
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germination to vary from 4 to 59 per cent (Schopengy974). Poor seed
quality is frequently on account of large percestagf empty seeds.
Normally seed do not exhibit any kind of dormanayd @dhe germination
capacity of sound seed is not affected by stratiim (Thapliyal and

Rawat, 1991).

In recent years interest to produce quality segdlby application of
improved modern techniques has increased. Obtaingggously growing
healthy and uniform seedlings for raising qualitgrpation is the primary
aim of nursery management. The traditional nursprgctices have
undergone a series of developments and introduciforoot trainers in

large scale, being the latest.

No information is available on raising of seedlirgfsAlder in root
trainers and their comparison with those raisedsaed beds. However,
Maithani et al. (1990) studied standardization of nursery techmigiz.
method of seed sowing, optimum irrigation schedfl®albergia sissoo
and concluded that line sowing method with twiakag irrigation (morning
and evening) enhance germination of seeds, givg®ehigermination and
survival. Bhatet al. (2007b) reported that the seeddJofwallichiana(EIm)
showed 91.66 per cent of germination in nurseryspeadhereas the

germination percentage was 85.33 per cent in th#aoeers. Mughal
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(1996) reported thatCupressus torulosaand Cedrus deodaraattain

optimum shoot and root development when grown ianopursery beds,
while as seedlings grown in polybags do not extbbiter growth in terms
of height and root development and also show def@snand confinement

in immediate vicinity.

Qaisar and Mishra (2005) studied the nursery perdoce ofAcacia
catechuseedlings raised in different type and size otamers. The bottom
perforated polybag and root trainer raised seesllohgpicted better values
of seedling quality parameters viz. sturdiness,t/shoot ratio, ratio of
fibrous to total root biomass and Dickson qualitgiex, which indicated the

overall quality of seedlings.

Misra and Jaiswal (1993) reported maximum suryivebllar
diameter, plant height, in the bigger size of palyb used. Venkategh al.
(2002) reported that the size of the container pra$ound influence on
Acacia nilotica subspp. Indica seedlings morphometric paramefens.
container of 15 x 20 cm size registered superiasitgr 10 x 15 cm size
polythene containers and the seedlings grown imtireery beds, for the
growth characteristics of seedling length, shodlacaliameter and total dry

weight.
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The seedlings grown in polythene bags can easilyansported and
planted without any damage. The requirement ofsthe of the polythene

bags differ from one plant species to other (Mamd Jaiswal, 1993).

Sutherland and Day (1988) reported increase imllisge growth
from 72 to 360 per cent where the container volwas tripled in size. The
seedlings oAcacia nilotica, Albizzia procerandDalbergia sissoattained
higher values of shoot length and collar diametepalythene bag raised

seedlings (Gerat al, 2001).
2.3.3 Vegetative propagation

The technique of vegetative propagation assumest gignificance
as it is potentially very useful for multiplicatioof stock for plantation
purposes, introduction of fast growing species g@adetic improvement of
forest tree species. Infact the method is emergm@ strong alternative to
seed propagation and is being employed for operaltiplanting, increasing
productivity in many forest plantations all overetlworld. Vegetative
propagation is most convenient, easiest and ecaamiethod of raising
superior stock for some important crops (Hartnmetnal, 1993). The
vegetatively propagated plants have got the adgantd exhibiting faster
growth rate (Ooyamma and Toyoshima, 1965) greatecks stand

uniformity, better site matching and true to typeoduction (Fielding,
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1969). Planting by shoot cuttings is mostly adogsadt is very convenient

and good results are expected.

The cuttings vary considerably in their rootingpense. Cuttings
can be categorised broadly into three main grougs easy to root,
difficult to root and obstinate to root (Nanda, @®7Poplars and willows
root easily even without use of growth regulatdealfa, 1973). Pines are
considered to be obstinate to root by many workeesiber, 1942, Allsop,

1950).

Phytohormones and other chemicals have been bjedeveral
researchers but only auxins have been found to gomme adventitious
root formation in cuttings most consistently (Nand®75; Pal, 1988;
Hartmannet al, 1997; Husen and Mishra, 2001; Husen, 2002) ane: we

frequently used for clonal propagation.

Thakur and Gupta (1998) studied the effect of aixin rooting of
Alnus nitida Endl. cuttings. Cuttings from 6 years old treég\lmus nitida
were treated with IAA, IBA, NAA (200, 400, 600, 8@nhd 1000 ppm) for
24 hours. Callus formation and rooting were obsgreger 6 months.
Rooting was better in all treatments except for pon and 1000 ppm

IAA. Maximum rooting was with the 800 ppm IBA treagnt.



Thakur (1999) studied effect of season and auximcentration on
rooting and sprouting d&lnus nitida,Endl. stem cuttings. Cuttings from a 4
year old plantation in H.P were given three auxaatments using IAA,
IBA or NAA at 3 concentration (50, 100 or 200 ppm)February, July,
September, and November. Cuttings collected in Niex gave little or no
rooting with or without auxin treatment, while Seypiber cuttings showed
some response. The cuttings planted in Februaryalydesponded well to
various auxin treatments, particularly 100 and ppén IBA and 100 ppm
NAA. Maximum percentage rooting was observed inrkaty cuttings
treated with 200 ppm IBA while highest number ofagpgs and number of
roots per cuttings were found with the same treatrimeJuly and February
cuttings respectively. Maximum root length per iegftwas noted in the

February cuttings treated with 100 ppm NAA.

Thakur and Pant (2002) studied vegetative propagatf Alnus
nitida. The treatments included control (water treatmemij 400, 800,
1200 and 1600 ppm of IAA, IBA and NAA respectivelyhe results
showed that rooting occurred in all the treatmenttuding control. The
highest rooting percentage was noted in 1200 pp# tiated cuttings.
Maximum sprouting percentage and highest averag# ratio was

observed in 800 ppm IBA. Maximum root shoot ratiaswobserved in 800
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ppm IAA and 1600 ppm IBA treatments. Maximum shob&sght was

found in 1600 ppm IBA treatment.

Rinallo (1977) reported that cuttings Af cordatataken monthly
throughout the year showed substantial variatiomoiting. The rooting
success in control treatment was best in JanuagrciMand June, while
cuttings treated with auxins rooted best in Marghine and December.
Variability in rooting behaviour is explained inrtes of the phonological
phases of the tree. During October - December témperature seemed to

have a positive effect on rooting.

Monacoet al. (1980) used the basal ends of cuttings from 2 g&hr
seedlings which were treated with a solution of IR&ncentration 4,000-
10,000 ppm) or solvent (2% ethanol) and/or dusteth 0 per cent
benomyl and examined after 6 weeks. The highegtgotion of cuttings
rooted when treated with 4,000 or 8,000 ppm IBA beadomyl and kept at
25, 22°C (day/night temperatures). Treatments @000 ppm of IBA

produced more roots per cutting and better branobetd at 4,000 ppm.

Danell et al. (1980) tried rooting of leafy cuttings @finus incana
and reported the highest percentage of rooting j9#%green house
condition (20-25 °C; 90 RH; coarse sand medium)riyE&ay was

recommended to be the best time for taking cuttings
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Saul and Zsuffa (1982) reported that lignified iogts from trees
(20-25 years old) and green cuttings from 2 yedds seedlings rooted
readily in several mixtures in green house. Thet begdium was

perlite/sand (1: 1) mixture.

Psotaet al. (1986) studied the response of auxins on rooting of
Alnus glutinosastem cuttings and reported that response to tredtmigh
‘auxin was the greatest during dormancy. At thateticontrol cuttings
showed only 5 to 63 per cent rooting, whereasrieted cuttings showed
almost 100 per cent rooting. A positive responskA was also observed

after dormancy.

Although good amount of work has been conductedvehere on
Alder, but no information is available on this treg&h respect to Kashmir
conditions where it has been declared as endangeradrefore a project
proposal entitled “Status and Propagation of Al{&inus spp.) tree in

Kashmir valley” has been undertaken.
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CHAPTER -3

MATERIAL AND METHODS

The investigations to accomplish the project “@adnd propagation
of Alder (AInusspp.) in Kashmir Valley” were carried out in thecbhy of
Forestry, Sher-e-Kashmir University of Agriculturabciences and
Technology of Kashmir, Shalimar, Srinagar during ylears 2007 to 20009.
The details of techniques followed and materialsduduring the course of
investigation are described below keeping in vidw bbjectives of the

project.
3.1 Experimental site : location, physiography analimate

The valley of Kashmir, the experimental site forvay, is a unique
oval plain, surrounded by chain of mountainous ramgl rested securely
among the Pir Panjal range of Himalayas. The vaikedivided into 10

districts.

Nursery of Faculty of Forestry, Shalimar, the expental site for
nursery practices is located between 7%4.B9longitude and 34.08N
latitude at an altitude of about 1587 m above neemlevel. It is roughly
15 km north of the Srinagar city. The nursery idl\deained having silty

loam soil.



The climate in general is temperate; with sevemter extending
from December to March. The region faces a wideptgature range from
a minimum of -8.0°C in winter to a maximum of 33C in the summers.
Winter frost is common and medium to heavy snowifalalso witnessed.
The area receives an annual precipitation of 6 @3 Xhm, with an average

of 944.6 mm.

3.2 Status distribution and concentration of Alder in Kashmir
Valley

This objective was achieved by conducting detasled/ey at village
level of all the districts of Kashmir Valley ands®svations with regard to
the existing Alder species on the basis of phencébgtudies along with

their status, distribution and concentration we®orded.

For collection of relevant data regarding statog distribution, four
blocks from each district were selected randomljbsequently from each
block, four Panchayats were selected and data whscted from two
villages from each Panchayat. Thus, information e@tected from about
320 sites all over the valley. The approximate nendf trees existing at a
given site was also recorded. The information wakected as per the
Annexure-l which has been developed by the Faailtiforestry, for the

purpose.

Following methods were employed to collect theadadm surveyed

areas:
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3.2.1 Informal interview method

Collection of information was done during informaterviews with
the farmers, elder and respectable citizens of t¢bacerned areas.

Generally, open-ended questions were asked fangette information.
3.2.2 Transit walk method

Information was also collected during the tramstk of the villages.
Transit walk gave more scope to discuss with fasmieeely in their

farmlands while walking through their farms in ficdy mode.

3.3 Identification of species

In the first instance, efforts were made to idgniarious species of
Betulaceae family as well as different varietieg\tfer (Alnus nitidaEndl.)
in Kashmir valley. For this purpose a detailed syrwas conducted at
village level in all the districts of the Valleyu&ey was conducted in two
important seasons i.e. autumn, when leaves andrenfitits are present on
trees and spring during the flowering season. teoto identify the tree
help was taken from taxonomists as well as peopi® were shown
samples of leaves as well as seeds at varioussstdgmaturity to know
whether they have seen the trees with such leanésseeds or its look

likes.

An attempt to find its vernacular name (Kashmame) was also

made.
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3.3.1 Identification of oldest living Alder trees

Information was also collected with, respect toesldliving Alder
trees in the Kashmir Valley. The oldest living Aldeces were identified
and information with respect to their location, eppmate age, height,
girth at breast height was recorded. The approxanagie was determined
by interviewing the senior residents of the logaliThe height of the tree
was determined with the help of clinometer andhgitas measured by

measuring tape. Photographs of all the identifieds were also taken.

3.4  Propagation studies on Alder
The studies were undertaken to determine :
- Maturity indices
- Raising of seedling nursery

o Vegetative propagation through pre-conditioned #edted

cuttings
3.4.1 Maturity indices

The optimal time to harvest is when a large amoaitviable

germinable seeds can be collected. In order tamete the best time for

ﬂ



collection of seeds, the cones/fruits were coligéctieom identified

phenotypically superior trees located in New The¢akwan, Srinagar. The
cones/fruits were picked from October till their toration at an interval of
15 days and information about specific gravityjtfiueight, change in fruit
colour, seed dimensions, seed weight and germimgtercentage was

recorded.
3.4.1.1 Cone colour

Colour change in fruit/seed provides a simple atidble criteria for
judging seed maturity (Willan, 1985). Thereforerétate fruit/seed colour
change with maturity of seed, the fruits were pttkaith effect from
October. Observations were taken with regard tmgéan fruit/seed colour

to different shades till their maturation.
3.4.1.2 Specific gravity

The specific gravity of cones was determined byewdisplacement
method as described by Barnett (1979). The spegiawity of cones was
determined by dividing the weight of cones by thelume of water

displaced by the same (Oliver, 1974).

Cone/fruit weight
Volume of water displaced by cones/fruits
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On each collection date, some cones of known totght were
placed in known volume of water in a volumetriciogier and the volume
of water displaced was recorded. The specific ¢yaaf cones was
calculated by the above captioned formula. To &tevthe error several
replication were used and average was taken. Thescwere collected

from 1* October at an interval of 15 days till maturation.
3.4.1.3 Cone weight

Average cone/fruit weight was recorded by usingsige top pan
balance. The cones/fruits were picked with effeomf October till their

maturation at an interval of 15 days.
3.4.1.4 Seed weight

Seed weight of 800 bold and filled seeds was o using 8
replications of 100 seeds each with the help ofitiga top pan balance and
finally transformed into 1000-seed weight by muijtipg 100-seed weight
by a factor of 10 (ISTA, 1993). The seeds were gickvith effect from

October till their maturation at an interval of days.
3.4.1.5 Germination of seed

The germination test was performed in petri-plditesd with double

fold germination paper at bottom. The 100-seed®un replicates were
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placed sparsely in petriplates and moistened. Tategpwere incubated at
25+1 °C in a B.O.D. incubator for a period of 28 dayse Titates were kept
moist and inspected regularly. Seeds were conglderbave germinated as
soon as radical emerged. Germination was recordgy after second day

of seed placement.

The germination percentage was calculated asolewing standard

method :

Number of seeds germinated
Total number of seeds

i) Germination percentage= 100

3.4.2 Raising of seedling nursery

The seedling nursery of Alder was raised from kanid filled seeds
in nursery beds as well as in root trainers at $toMursery, Faculty of
Forestry, SKUAST-K, Shalimar. Open beds of size 1xmi m were
prepared and mixed with sand and FYM. Seeds wess $0 beds in the
first week of March, 2008. 400 seeds pre-soake®fohours were sown
per bed at a spacing of 5 x 5 cm. Beds were welpgmed before sowing.

Beds were irrigated as and when required.

The sowing in root trainers was also carried dutha same time.

The root trainers were also filled with soil, samad FYM (2:1:1). Root



trainers of 150 cc capacity with 24 plugs in eacy twere used for the

purpose.

The performance of both open bed seedling nurasryell as root
trainer seedling nursery was studied in terms ofngetion percentage,
survival percentage, shoot height (cm), collar a¢iten (mm), root length
(cm) and root-shoot ratio. The studies were coretlidor one growing

season and monitored periodically.

3.4.3 Vegetative propagation of Alder through treatd stem cuttings
3.4.3.1 Through treated hardwood cuttings

Alder is commonly propagated through seed, howevegetative
propagation in general and growth hormone treatdtings in particular
has become an indispensable tool in mass propagatidesired genotypes.
Treating cuttings with auxins or other plant growéigulators (PGRs) are
believed to promote root initiation and also helgoot cell multiplication
and elongation. Therefore, in order to determirgedtiect of different plant
growth regulators on root initiation of Alder cufys, hardwood and
softwood cuttings having pencil thickness (1.5-2) cowere used. The
cuttings collected from phenotypically superior aymung mother trees
from Ramban area in spring (The propagating mdtéoan Harwan area

was unable to show results in the previous traibpbly due to loss of



rejuvenation power as the trees were very old) wer@ed with following

plant growth regulators (PGR) at given concentretim 4 replications :

S. Name of PGR Concentrations used (ppm)
No.

1. Indole-3-Acetic Acid (IAA) 400, 700, 1000, 13000

2. Indole-3-Butyric acid (IBA) 400, 700, 1000, 1800

3. Naphthalene-Acetic acid (NAA) 400, 700, 1000003

4. Combinations of IBA and NAA 400, 700, 1000, 1800

The propagation through cuttings was carried ouiosiest Nursery,
Faculty of Forestry, SKUAST-K, Shalimar. Hardwoodttohgs were first
pre-conditioned and then treated with growth horesofor 24 hours and
planted immediately in well prepared nursery beda spacing of 25 x 25
cm. The plot size was kept equal to 1.12 x 1.12 acvommodating 20
cuttings. The beds were irrigated and kept weee. feauttings were also
planted in polybags of"5x 7" size. The observations were taken with
regard to sprouting percentage, rooting percentageyival percentage,
shoot height (cm) and collar diameter (mm) of legdshoot, root length
(cm) and root diameter (mm). Cuttings were treatéith simple distilled

water for maintaining control.
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3.4.3.2 Through treated softwood cuttings

The softwood cuttings of Alder were taken in Jatyd were treated
with same treatments as that of hardwood cuttibkfsvever, they were
given quick dip for a period of 30 seconds and fgdnmmediately in
polybags. Due care was taken with respect to wagesind weeding. The
observations were taken with regard to rooting/saty shoot height,
diameter of leading shoot, root length and rootrditer. Cuttings were

treated with simple distilled water for maintainiogntrol.
3.5 Statistical analysis

The data thus obtained was subjected to the appatepstatistical

analysis as per procedure given by Gomez and G¢19&2).



CHAPTER -4

EXPERIMENTAL FINDINGS

The experimental findings of the studies conduaed‘Status and
propagation of Alder treeA{nus spp.) in Kashmir valley” as per the
methodology adopted in previous chapter has bessepted hereunder and

tabled from 1 to 11 alongwith Fig. 1 to 4 and Plate 21.

4.1  Status and distribution of Alder tree @Alnus spp.) in Kashmir
valley

4.1.1 Specie identification

Detailed survey conducted revealed that only olmei#\species was
found growing in the valley and was identifiedAlaus nitidaEndl. on the
basis of its phenotypical and phenological charettes, which have been

presented in Table-1, 2 and described as follows.

It is a large semi-deciduous tree with a straighhk (Plate-1) and
spherical but spreading crown (Plate-2 & 3) of dgrkeen foliage. Its
average height recorded was about 35 m and av@8gt of about 180
cm. The stem bark was grey with longitudinal furso(?late-5) but in the
pole stage the bark was reddish brown, thin andoffimooften with

yellowish patches and short, raisedtidets (Plate-4). The leaves



Table-1 :

Phenotypical characteristics of West Himiayan Alder (Alnus

nitida Endl.) trees observed in Kashmir valley

Phenotypic characteristics

Observations

Tree form Spherical with spreading crown
Average tree height 35m
Average tree dbh 180 cm

Bark Deep brown rough with deep furrows

Leaves 10-12.5 cm long, elliptical ovate,
acuminate entire or obscurely crenate

Phyllotaxy Alternate

Flower Male green (immature); yellow (mature),
4-6 inch long, 4-6 together in terminal
racemes
Female green (immature); brown
(mature), 0.3 inch long

Fruit Cone with thickened edge, 0.7-1.5 inch

long by 0.5 inch in diameter in ere
lateral racemes

Average number of seeds/cone 200

Seed colour Creamy white (immature), Choco
brown (mature)

Seed weight (kg) 0.32 to 0.42 million/kg
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Table-2 : Phenological characteristics of West Himayan Alder (Alnus

nitida Endl.) trees observed in Kashmir valley

Phenological characteristics

Observations

Habit

Semi-deciduous

Reproductive habit

Monoecious with uni-sexual flosve

Leaf renewal

March

Leaf shedding

December-January

Flowering July-August
Pollination August-September
Pollinators Wind/honeybee
Seed set October

Seed maturity/dispersal

Last week of December

Seed dispersal agents Wind
Seed longevity 3-4 months
Percentage purity 48
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Plate-1: West Himalayan Alder tree (Afnus nitida Endl.)



10-12.5 cm long, 5-8 cm wide were alternate, etlgdtand acuminate and
crenate (Plate-7 & 8). The upper leaf surface wak dreen but the lower
surface was pale green. The branching was alte(Rédee-6). Leaves were
shed from December-January and new flush of leaes®loped in the
month of February-March so deciduous period wasafeery short period
and thus the tree can be described as semi-deddtibe tree flowered in
July-August and was found Monoecious with unisexXlabers. Narrowly
cylindrical clusters of male catkins 4-6 inch loagd green in colour
appeared at the end of twigs in terminal racemésagf®) by July-August
and turned yellow by August-September. After pokespersal the colour
of male catkins turned brown and fell down. Femedgkins (Plate-10)
much shorter, erect and woody occurred on branchidg twigs also in
terminal racemes separately on the same or difféwags at the same time
but achieved full development only after pollinatim August-September.
The tree is wind pollinated and pollination takéscp in august September.
The fruits (Plate-11) which superficially resembtaghes of the pine family
were dark brown, elliptical, composed of many sgneg hardwoody
scales. Seeds got set in October and matured llasheveek of December.
Seeds (Plate-12 & 13) were shiny chocolate browoulkate and flat with
two broad membranous wings more than 2 mm acrosgptyE cones

persisted on the trees for a very long time.



Plate-2 : Waest Himalayan Alder tree Plate-3: West Himalayan Alder tree
(Alnus nitida Endl) crown (Afnus nitida Endl) crown
(youny) : spherical in form {oldy : spherical but

spreading in form

Plate4 :West Himalayan Alder tree Plate 5 :West Himalayan Alder tree
(Alnus  nitida Endl) bark {Alnus nitida Endl.) bark (old):
(young) : smooth, reddish brown rough with deep
with yellow lenticles furrows

Plate 6 :West Himalayan Alder tree Plate-7 :
(Alnus nitida Endl))
branching : Alternate

West Himalayan Alder tree
(Alnus nitida Endl) twig :
showing alternate leaf
arrangement



The phenotypical and phenological observations thesorded
revealed that thé\lnus spp. growing in the valley was similar to that of
West Himalayan Alder Alnus nitida Endl.) as described and reported
earlier by Troup (1921). Therefore, all the studiesducted and reported
here after pertain to West Himalayan Ald@tnus nitidaEndl.). Although
the tree is known by various other names but Wasiakyan Alder is used
in present study as the same name is most commdd wxer. So for the
local names are concerned it is called as ‘Chanmp’Kashmir valley,

‘Zamp’ in Ramban area and ‘Sarol’ in in Kishtwaidaoonch region.

After surveying about 320 sites all over the vakejected randomly
from all the 10 districts (Appendix-1), it was fodirthat the tree growing
here do not show any variation and show similar phological

characteristics as that of West Himalayan Alder.
4.1.2 Status and distribution

The objective was achieved by conducting an ekltensurvey at
village level of all the districts of Kashmir vajieand observations were
taken from about 320 sites with regard to its ustatdistribution and
concentration. Observations were also taken witipeet to old existing
West Himalayan Alder trees. The detailed surveydooted at all the sites

revealed non-existence of the tree species in miaskalley except
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Harwan and Sonawar. In Harwan only 3 trees weradayrowing whereas
some plants of 5 to 6 years age were located iror@sE Department
Nursery at Sonawar. However, the tree was founaviguigp abundantly in
other parts of J&K viz. Ramban, Batote, Chenanghitvar, Udhampur,
Poonch, Rajouri etc. which falls under temperatensoon belt and fall

outside the jurisdiction of the study.

Oldest Alder trees of Kashmir valley

S. Location Height DBH Age

No. (m) (cm) (years)

1. Sericulture Department, Theed, 34 210 150
Harwan, Srinagar

2. -do- 36 190 150

3.  Private Orchard at Theed, Harwan, 35 140 80
Srinagar

The trees found in Harwan, Srinagar were oldest dRéates- 14).
Two of these were growing in the Sericulture Deperit with approximate
height of about 35 m and approximate DBH equal % and 210 cm,
respectively and another one was found growing pnixaate orchard in the
same area which is about 80 years old with heigtt@BH equal to 35 m
and 140 cm, respectively. Both these locationshareng a nallah passing
nearby which proves its pioneering nature as the is characteristically

found in moist situations, mostly along the bedd banks of streams and
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rivers. The tree has been declared rare and endahd®y Unjuman-e-
Falahi-i-Islam (UFI), a local non-governmental argation of Harwan,

Srinagar and are being protected by the same @a&fzomn.

While making an attempt to know about the origirtledse trees, it
was known that two schools of thoughts prevailezteéh According to one
school of thought there existed a large numbere&stin the past but due to
excessive felling of trees for their use as fuelodjotheir number have
reduced to just three at present. However, as mahar school of thought
there existed a Forest Department in the pasisatdbation and the English
Forest Officers got Alder seeds from outside andvesb them there.
According to Dr. G.A. Bhat, Professor Centre of &ash for
Development/PG Department of Environmental Scierdajversity of
Kashmir, Srinagar, there are the only three Almeeg growing in the
Kashmir valley. According to Dr. M.S. Wadoo, RetirBCF and author of
many books on forest trees of Kashmir, the trealgys found in the
monsoon areas and thus in J&K it is found in até@sRajouri, Kishtwar,
Udhampur, Poonch, etc. and in Kashmir there areadsmthat it may be
found in Uri Tehsil of Baramulla but on survey bétBaramulla district no

Alder tree was found.

Same view was exhibited by most of the forestc@tfs of the J&K
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Forest Department. However, an attempt has beerm fmadvir. Arshad, a
Forester while working in forest nursery, Sonwarin&ar to raise it
artificially from seed and thus in the same nurserfound about 5-6

vigorously growing Alder plants which are about $etrs old.
4.2  Propagation of West Himalayan Alder
The studies were undertaken to determine :

* Maturity indices
* Nursery raising

* Vegetative propagation of Alder tree through trdab@rdwood

and softwood stem cuttings

4.2.1 Maturity indices

The maturity indices studies were conducted onathlg available
trees at Harwan, Srinagar and presented in Tablé.0bservations taken
with respect to maturity indices revealed that Wdistalayan Alder Alnus
nitida Endl.) comes into flowering in the month of Julydust and are
fully developed upto October. The flowers are mammes (individual
flowers are either male or female but both sexesfaund on the same
plant). They are mainly pollinated by wind but ateo visited by bees to a
small extent. The flowers are catkins with elondateale and shorter

female catkins. Male catkins are 4-6 inches lomgl @bout 4-6 together in
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terminal racemes (Plate-9). Female spikes aboun@I8long also occur in
terminal racemes (Plate-10). The female catkins woody and cone like
at maturity. Fruiting cones 0.7-1.5 inches long)B0 inches in diameter in
erect lateral racemes are dark brown, ellipticad @omposed of many
spreading hardwood scales (Plate-11). Fruits ripéviovember-December.
Seeds are light brown, circular and flat with twodd membranous wings
more than 2 mm across (Plate-12 & 13). The emphesoemain long on

the trees.

The optimal time to harvest fruit/seed is whenaegé amount of
germinable seeds can be collected. In order taméte the optimal time
for seed collection of West Himalayan Aldeklrfus nitida Endl.), the
fruits were collected from the available Alder sda Harwan after every
15 days of interval with effect from October tillaturation. The data
collected and presented in the Table-3 showedhthiattolour, fruit weight,
seed coat colour and specific gravity had a sigaifi effect on the

germination percentage of Alnus seeds vis-a-visiratibn of Alder seeds.

Initially at the first collection date the cone iglet was about 2.57 g.
It showed an increase upto "L%f November when it was 2.98 g.
Afterwards it started to decrease and ofi Beécember it was about 1.78 g

(Fig. 1; Table-3).



Table-3 : Effect of collection dates on the maturit indices of West
Himalayan Alder (Alnus nitida Endl.)

Date of collection Cone colour Cone Specific | 1000-seed| Germination
weight (g) gravity weight (g) (%)

1* October Green 2.57 0.99 0.00 0.00

15" October Green 2.78 0.96 2.01 0.00

1*' November Light green 2.83 0.856 2.10 13.50

15" November Green with very large 2.98 0.793 2.50 31.25

small brown patches

1% December Green with large 2.74 0.771 2.83 35.50
brown patches

15" December Brown with green 2.43 0.727 3.20 42.00
patches
30" December Brown 1.78 0.656 3.10 41.75
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Fig. 1: Effect of collection dates on cone weigbf West Himalayan Alder (Alnus nitida Endl.)



The specific gravity of the West Himalayan Aldenes at different
collection dates, also differed from date to dafab{e-3 and Fig. 2). It
decreased from 0.99 (immature) to 0.656 with mgtwsf fruit/seed. No
germination (0%) was recorded when specific grasftgone was 0.99 and
0.96 (maximum) and fruits were green (immature) afsb when seeds
were white and papery. However, the maximum gertiingercentage of
42.0 was recorded when specific gravity of cones wegual to 0.727 and
the colour of seed and cone had turned brown. gkusination percentage

and specific gravity had a negative correlatiorhva&ch other.

The studies further revealed that as soon asamsdolour changed
from creamy white to creamy white with brown pathseeds started to
germinate and germination per cent increased rehdbonn relation to
colour change from creamy white with brown patcteshiny chocolate
brown (Plates-11 & 12). The maximum germinationcpatage of 42.0 was

found when seed coat colour was shiny chocolateoro

Seed weight of 1000 filled seeds collected ort tmfsOctober, was

found to be 2.01 g (Table-3) whereas seed weight00D-seeds collected

on its maturity i.e. 3 December as determined was found to be 3.1 g. This

showed that seed weight increased during developare was maximum

at its maturity (Fig. 3). No germination was obsetwhen seed weight was

A,



O Specific gravity

0.9
0.8
0.7+
0.6
0.5
0.4
0.3+
0.2
0.1

Specific gravity

T T T T T
15th Nov. 1stDec. 15th Dec. 30th Dec.

Date of collection

T T T T
1st Oct. 15th Oct. 1st Nov.

Fig. 2 : Effect of collection dates on specific gvity of West Himalayan Alder (Alnusnitida Endl.) cones



& 1000-seed weight (g) \

Seed weight (g)

15th Oct. 1st Nov. 15th Nov. 1stDec. 15th Dec. 30th Dec.

1st Oct.

Date of collection

Fig. 3: Effect of collection dates on seed weigbt West Himalayan Alder (Alnus nitida Endl.)



Plate-§ : West Himalayan Alder tree Plated : West Himalayan Alder tree
(Alnus nitida Endl) leaf : (Ainus  nitida  Endl) male
ovate and acuminate inflorescence : raceme

Plate-10 : West Himalayan Alder tree Plate-11: Fruit set of West Himalayan
{Afnus nitida Endl) female Alder tree (Alnus nitida
inflorescence : raceme Endl.)

Plate-12 : West Himalayan Alder tree Plate-13 : West Himalayan Alder tree
(Alnus nitida Endl) seed at (Alnus nitida Endl) seed at
early stage maturity



below 2.10 g. The germination percentage rangiogfr13.5 to 42.0 was
observed when the seed weight was recorded betifelnvember to 18
December. However, the maximum of 42.0 per cenmgetion was
recorded when the seed weight was 3.2 §' @&cember) [Table-3; Fig. 4

and Plate-15].

The studies conducted on maturity indices theegfoevealed that
the proper stage for harvesting of West HimalaydaheAfruits was when
fruit/seed colour is brown and specific gravity egual to 0.727. The
maximum of 42.0 per cent germination was recordedl$.12.2008 and
therefore second fortnight of December is the lies¢ for collection of

Alder seeds.
4.2.2 Raising of seedling nursery

The seedling nursery of West Himalayan Ald&in¢s nitidaEndl.)
was raised in open nursery beds as well as intraioers (150 cc) [Table-4,
Plate-16 & 17]. The performance of seedling nursenpoth cases was
assessed in terms of germination percentage, sdirpercentage, shoot
height, root length, collar diameter and root sh@dio. The observations
recorded are presented in Table-4. The analystlatat revealed that there
was nho significant difference in germination andvaal percentage

between open beds and root trainer rassetllings. The germination

Z
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Table-4 : Comparison between containerised (root #&iner) and non-
containerised (open beds) seedling performance of &§t
Himalayan Alder (Alnus nitida Endl.)
Parameters=» Germination Survival Shoot Root Collar Root : shoot
(%) (%) height length diameter ratio
(cm) (cm) (mm) (R:S)
YTreatments
Open beds 33.33 61.64 7.7000 9.200| 15.30( 1.195
(35.229) | (51.754)
Root trainers 38.67 68.84 8.3000 8.100| 14.10( 0.975
(38.441) | (56.007)
CDg5 NS NS NS 0.430 0.745 0.172

Figures in parentheses are arc sin transformations
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Plate-14 ;: Oldest living West Himalayan Alder trees (Alnus
nitida Endl.) growing in Kashmir valley

Plate-15 : West Himalayan Alder tree (Alnus nitida Endl.) seed
germinated after 24 hrs soaking in cold water



percentage of seeds sown in nursery beds was @ostrbe 33.33 whereas
the germination percentage of seeds sown in reatdrs was 38.67. For
open beds 61.64 per cent survival was recordedhmiiass apparently less
than that of root trainers (68.84%) but not sigmifitly lesser than it. A
significant difference was observed in average tength, average collar
diameter and average root shoot ratio but diffezeincthe average shoot
height in both the cases was found to be nom{gignt. Average shoot
height and average collar diameter in case of tyeels was recorded as 7.7
cm and 15.3 mm as compared to 8.1 cm and 14.1 respectively for
those raised in root trainers. The average rogtleand average root-shoot
ratio for those raised in open beds was 9.2 cmlab@s, respectively and

that of root trainers was 8.1 and 0.975 respegtivel

Therefore, studies conducted on raising of seediungery in open
beds and root trainers revealed that seedlinggdais open beds were
much superior to those grown in root trainers widspect to collar

diameter, root length and root-shoot ratio.
4.2.3 Vegetative propagation

Under natural conditions West Himalayan Alder @ggtes through
seed but its natural regeneration is negligiblewbich seed emptiness is

considered to be a major cause. Thereforaftampt was undertaken to
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4.2.3.1 Sprouting

The effects of auxin treatments on the sproutiag gent ofAlnus

nitida stem cuttings are presented in Table-5.

A perusal of the data indicates that the hormdredtments have
enhanced the sprouting of stem cuttings. The treattriBA + NAA 700
ppm) resulted in maximum sprouting (70%). The IBAdividually and
combination of IBA and NAA increased sprouting sigantly and were at
par with each other. But NAA, IAA and water weret 130 effective with
respect to sprouting and showed results at par evithanother. IBA 1000
ppm (40%) and IBA 700 ppm (50%), NAA 700 ppm (50%ind
combination of NAA + IBA 700 ppm (70%) increaseda@ping percentage
significantly and rest of the concentrations of treeed hormones showed

results at par with control.
4.2.3.2 Rooting (%)

The results of rooting as observed on stem ctofgAlnus nitida

are given in Table-6 and Plate-18 & 19.

The rooting per cent was greatly influenced by auxeatments. A
comparison of overall effects of the auxin treattaemm the rooting of stem

cuttings revealed that only few treatmemtduced rooting in the stem
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Table-5 :

Himalayan Alder (Alnus nitida Endl.) stem cuttings

Effect of growth regulators on sproutingpercentage of West

Levels (ppm)=> 400 700 1000 1300 Mean
WTreatments
IAA 10 25 20 10 16.25
(13.442)| (29.732)| (23.171) | (13.442)| (19.947)
IBA 25 60 40 20 36.25
(29.732)| (51.051)| (35.272)| (23.171)| (34.806)
NAA 15 60 25 10 25.00
(16.609)| (51.051)| (29.732)| (13.442)| (27.708)
IBA + NAA 20 70 30 25 36.25
(23.171)| (57.102)| (32.898)| (29.732)| (35.726)
Mean 17.50 51.25 28.75 16.25
(20.738)| (47.234)| (30.268)| (19.947)
Control 16.25 (21.586)

Figures in parentheses are arc sin transformations

CD at 0.05

Treatments

Levels

Treatments x Levels

11.05

9.88

N.S




Table-6 :

Himalayan Alder (Alnus nitida Endl.) stem cuttings

Effect of growth regulators on rooting pecentage of West

Levels (ppm)=> 400 700 1000 1300 Mean
WTreatments
IAA 0.0031 5 0.0031 | 0.0031 1.25
(0.320) | (12.921)| (0.320) | (0.320) | (3.470)
IBA 0.0031 15 0.0031 | 0.0031 3.75
(0.320) | (22.209)| (0.320) | (0.320) | (3.99)
NAA 0.0031 15 0.0031 | 0.0031 3.75
(0.320) | (22.209)| (0.320) | (0.320) | (3.99)
IBA + NAA 0.0031 30 0.0031 | 0.0031 7.50
(0.320) | (32.898)| (0.320) | (0.320) | (7.74)
Mean 0.0031| 16.25 | 0.0031 | 0.0031
(0.320) | (13.922)| (0.320) | (0.320)
Control 0.0031 (0.320)

Figures in parentheses are arc sin transformations

CD at 0.05

Treatments

Levels

Treatments x Levels

1.88

1.68

3.77




cuttings ofAlnus nitidaand rest like control could not induce rootingeTh
cuttings treated with IBA and NAA cocktail at 70prp exhibited highest
(30%) rooting as against zero per cent in confrbke treatment NAA 700

ppm and IBA 700 ppm resulted in 15 per cent rooang therefore were
statistically at par with each other. But IAA 700np resulted in only 5 per
cent rooting. Rest of the concentrations alongwihtrol could not induce
rooting. A comparison of overall effect of the awiirrespective of the
concentrations revealed that IBA + NAA cocktail #oited significantly

better results than IBA and NAA individually whos#ect with respect to

rooting was at par. IAA showed the least effect. ol concentrations,

irrespective of hormones only 700 ppm was abl@doice rooting.
4.2.3.3 Survival (%)

The results of survival per cent as observed enstem cuttings of

Alnus nitidaare given in Table-7.

All the rooted cuttings survived till the end obgring season so the
effect of hormone/concentration and their inte@ction the survival

percentage was non-significant.
4.2.3.4 Shoot height (cm)

The results on effects of various auxin treatmemtshe length of

shoots are set out in Table-8 and Plate-20.
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Table-7 : Effect of growth regulators on survival grcentage of West
Himalayan Alder (Alnus nitida Endl.) stem cuttings

Levels (ppm)=> 400 700 1000 1300 Mean
WTreatments
IAA 0.0031 | 99.997 | 0.0031 | 0.0031 | 25.00

(0.319) | (89.676)| (0.319) | (0.319) | (22.42)

IBA 0.0031 | 99.997 | 0.0031 | 0.0031 | 25.00
(0.319) | (89.676)| (0.319) | (0.319) | (22.42)

NAA 0.0031 | 99.997 | 0.0031 | 0.0031 | 25.00
(0.319) | (89.676)| (0.319) | (0.319) | (22.42)

IBA + NAA 0.0031 | 99.997 | 0.0031 | 0.0031 | 25.00
(0.319) | (89.676)| (0.319) | (0.319) | (22.42)

Mean 0.0031 | 99.997 | 0.0031 | 0.0031
(0.319) | (89.676)| (0.319) | (0.319)

Control 0.0031 (0.320)

Figures in parentheses are arc sin transformations

CD at 0.05
Treatments : NS
Levels : NS

Treatments x Levels : NS




Table-8 : Effect of growth regulators on shoot heilgt (cm) of West
Himalayan Alder (Alnus nitida Endl.) stem cuttings

Levels (ppm)=>» 400 700 1000 1300 Mean

WTreatments

IAA 0.0031 | 18.300| 0.0031  0.0031 4.570
IBA 0.0031 17.450 0.0031 0.0031 4.360
NAA 0.0031 18.525 0.0031 0.0031 4.630

IBA + NAA 0.0031 18.925 0.0031 0.0031 4.730

Mean 0.0031 18.300 0.0031 0.0031

Control

0.0031 (0.320)

Figures in parentheses are arc sin transformations

CD at 0.05

Treatments

Levels

Treatments x Levels

il

0.25

0.23

0.51



The maximum shoot height (18.925 cm) was recorgedtem
cuttings treated with IBA + NAA cocktail at 700 ppifihe NAA 700 ppm
showed the shoot height of 18.525 cm which wasstitally at par with
IAA 700 ppm (18.3 cm) but the lowest shoot heiglaisvexhibited by IBA
700 ppm (17.45 cm) treated cuttings. The mean ef@¢dBA + NAA
cocktail at 700 ppm was at par with NAA 700 ppm dhat of IBA 700

ppm with IAA 700 ppm.
4.2.3.5 Collar diameter (mm)

The results on effects of various auxin treatmembtsch caused

rooting on the collar diameter of leading shootdepicted in Table-9.

The maximum collar diameter (17.8 mm) was recortethe stem
cuttings treated with IAA 700 ppm which was at path IBA 700 ppm
(17.6 mm). The effect of these two rrhones was significantly
higher than NAA 700 ppm and IBA + NAA cocktail a0 ppm with
respect to collar diameter. Also the effect of NAfAd IBA + NAA
cocktail was at par but showed significantly lessféect on collar diameter

than IAA 700 ppm.



Table-9 : Effect of growth regulators on collar dianeter (mm) of West
Himalayan Alder (Alnusnitida Endl.) stem cuttings

Levels (ppm)=>» 400 700 1000 1300 Mean
WTreatments
I1AA 0.0031 17.800 0.0031 0.0031 4.450
IBA 0.0031 17.600 0.0031 0.0031 4.400
NAA 0.0031 17.150 0.0031 0.0031 4.310
IBA + NAA 0.0031 17.050 0.0031 0.0031 4.260
Mean 0.0031 17.40 0.0031 0.0031
Control 0.0031 (0.320)

Figures in parentheses are arc sin transformations

CD at 0.05
Treatments : 0.12
Levels : 0.11
Treatments x Levels : 0.24
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4.2.3.6 Root length (cm)

The results on effect of various auxin treatmentsich caused
rooting on the root length of the stem cuttings sttewn in Table-10 and

Plate-21.

The maximum root length (11.5 cm) was observest@m cuttings
treated with IBA + NAA cocktail at 700 ppm which s/at par with NAA
700 ppm (11.35 cm). The IBA 700 ppm showed 11.05rowot length

which was at par with IAA 700 ppm (10.9 cm).

With respect to root length, the effect of all th®rmones

irrespective of concentrations was at par.
4.2.3.7 Root diameter (mm)

The results on effect of various auxin treatmewtich caused

rooting, on the root diameter of stem cuttingsibustrated in Table-11.

The maximum root diameter (13.45 mm) was exhibligdstem cuttings
treated with IAA 700 ppm which was significantlygher than IBA 700
ppm (12.575 mm), NAA 700 ppm (12.4 mm) and IBA + Al&ocktail 700
ppm (12.45 mm), all of which are at par with eatlheo. Same results are

arrived at on analysis of hormones irrespectiveonicentrations.



Table-10:  Effect of growth regulators on root lenth (cm) of West
Himalayan Alder (Alnus nitida Endl.) stem cuttings

Levels (ppm)=>» 400 700 1000 1300 Mean

WTreatments

IAA 0.0031 | 10.900| 0.0031  0.0031 2.720
IBA 0.0031 11.050 0.0031 0.0031 2.760
NAA 0.0031 11.350 0.0031 0.0031 2.830

IBA + NAA 0.0031 11.500 0.0031 0.0031 2.870

Mean 0.0031 11.200 0.0031 0.0031

Control

0.0031 (0.320)

Figures in parentheses are arc sin transformations

CD at 0.05

Treatments

Levels

Treatments x Levels

2]

0.15

0.14

0.31



Table-11:  Effect of growth regulators on root dianeter (mm) of West
Himalayan Alder (Alnus nitida Endl.) stem cuttings

Levels (ppm)=>» 400 700 1000 1300 Mean

WTreatments
IAA 0.0031 13.450 0.0031 0.0031 3.360
IBA 0.0031 12.575 0.0031 0.0031 3.140
NAA 0.0031 12.400 0.0031 0.0031 3.100

IBA + NAA 0.0031 12.450 0.0031 0.0031 3.110
Mean 0.0031 12.710 0.0031 0.0031
Control

0.0031 (0.320)

Figures in parentheses are arc sin transformations

CD at 0.05

Treatments

Levels

Treatments x Levels

0.11

0.10

0.23



(Alnus nitida Endl) seedling
nursery in open heds

West Himalayan Alder tree
(Alnus nitida Endl) seedling
nursery in root trainers

Plate-18 : West Himalayan Alder tree
(Alnus nitida Endl) rooted
stem cuttings in polybags

Plate 20 : West Himalayan Alder tree
(Afnus nitida Endl) shoot of
rooted stem cuttings after
preconditioning and PGR
treatment

Plate-19 :

Plate-21 :

West Himalayan Alder tree
{Alnus nitida Endl) rooted
stem cuttings after
preconditioning and PGR
treatment

West Himalayan Alder tree
{Afnus nitida Endl) root of
rooted stem cuttings after
preconditioning and PGR
treatment



4.3 Vegetative propagation of West Himalayan Aldei(Alnus nitida
Endl.) through treated softwood cuttings

Softwood cuttings raised in polybags after bemsgted with PGRs
viz. 1AA, IBA, NAA and IBA + NAA cocktail at concetnations of 400,
700, 1000 and 1300 ppm, each given a quick dip3fbiseconds did not
root. Although good number of cuttings sprouted fomutcutting was able to
produce roots. The average length of sprouts redowks 3.5 cm which

survived for about 35-45 days.



CHAPTER -5

DISCUSSION

Forests and trees are of critical importance fostmural people in
the developing world. These provide a principal reeuof energy and
building materials, help maintain environmentalbgity, yield products
that increase food security and furnish a sourcefffarm income and
employment. Yet people do not benefit as much dsctfely as they
could, from forests and trees in the struggle ajdinnger, natural resource
degradation, energy shortage and poverty. To makepbssible scientists
are seriously engaged in identifying suitable akl#éives and exploit
promising indigenous species which can increasdymtivity and biomass
substantially. Alnus is one of such species whiah shown scope in this

regard.

Alnus is one of the largest genera and there arenany as 35
species of Alnus in the world (Mebberley, 1989)ddds exhibit a wide
diversity and occupy a variety of climatic condis throughout their
natural range. Alders confined to North-Western Himalayas from the
Yammuna westwards ranging from 900 to 2700 m (Trdi®21). It is one
of the actinorhizal plants with trees of a sizdahle for large timber. It is a

pioneer species that colonizes newly disturbed.sltds commonly found
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in rivarian areas, avalanche tracks and ridgesnproves soil fertility by

increasing soil nitrogen, organic matter and ca@wohange capacity.
Probably the oldest use of Alders is for fire woAttlers also have found a
ready place in the paper industry. It can play la o regional biomass

energy programmes.

It is important to mention here that Indian Aldare very sparingly
studied species and practically very little works Haeen done on it. In
valley too, it has not received any attention sptfaerefore, no information
is available with respect to its status, distribati propagation etc. in the
Kashmir valley. Hence the present study was unklentdo collect some
basic information about various aspects relatethéospecies. The main

objectives of the investigation were :
» To study status and distribution of Alder tree iaskmir valley
» To study propagation of Ald€Alnussp.)

The results obtained on these aspects have beeussésl in the

ensuing pages.

5.1 Status and distribution of West Himalayan Alderin Kashmir
valley

In order to achieve the first objective i.e. staind distribution of

Alder tree in Kashmir valley, an extensive survdyad the districts of
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Kashmir valley was undertaken. Following studiesemendertaken to meet

the objective :
5.1.1 Species identification

In the first instance efforts were made to idgntérious species of
genus Alnus growing in Kashmir valley. Identificati was made on the
basis of various phenological and morphological rati@ristics of the
species e.g. shape and size of leaves, colouowkfk, seeds, bark etc. An

attempt to find its vernacular name (Kashmiri nama$ also made.

Extensive survey conducted revealed that only Alms species
was found growing in the valley and was identifeedAlnus nitida(Endl.).
It is a large semi-deciduous tree with a straightk and spherical but
spreading crown of dark green foliage. Its averhgmght recorded was
about 35 m and average DBH of about 180 cm. Tha &i@rk was grey
with longitudinal furrows but in the pole stage therk was reddish brown
thin and smooth often with yellowish patches andrisiraised lenticels.
The leaves 10-12.5 cm long, 2-8 cm wide were alernelliptical and
acuminate and crenate. The upper leaf surface a&sgieen but the lower
surface was pale green. Leaves were shed from Dxgeanuary and new
flush of leaves developed in the month of Febridayeh so deciduous

period was for a very short period and thus candéscribed as semi-
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deciduous. Narrowly cylindrical clusters of maleékoas 4-10 inch long and
green in colour appeared at the end of twigs by-August and turned
yellow by August-September. Female catkins muchrtehoerect and
woody occurred on branching side twigs separatelthe same or different
twigs at the same time but achieved full developnoaty after pollination
in August-September. The fruits which superficiatgembled cones of the
pine family were dark brown, elliptical, composefl many spreading
hardwoody scales. Seeds were shiny brown, circidate flat with two
broad membranous wings more than 2 mm across. Ecgoigs persisted

on the trees for a very long time.

The phenological and morphological observation®nged revealed
that the Alnus species growing in the valley wamilsir to that ofAlnus
nitida as described and reported earlier by Troup (1%#iJ after an
extensive study for a period of about 3 years,aswbserved that the trees
present here do not show any type of variation ftbenones described by
Troup (1921). So far the vernacular name (Kashnmrizoncerned, it is
called ‘Champ’ in Srinagar, ‘Zamp’ in Banihal, Raambetc. and ‘Sarol’ in
Poonch, Rajouri etc. Since the valley of Kashmienglosed in a chain of

mountainous ring therefore dispersal of its seeds fthese areas towards



Kashmir valley is almost nil and probably the megason for its absence in

the valley.

While conducting survey in the Kashmir valleywas found that
people were hardly aware about the tree as itredyrdound in the valley
and thus apart from the use as fire wood, hardly @her use of it was
known to locals. However, elsewhere there are tepairits multifarious
uses. Alder tree is a major fuel wood speciesdrrange and is generally
encouraged in energy plantation (Vimal and Tya@B4). Its heat content
is comparable to Red AldgAlnus rubra) 600 K cal/kg (Anonymous,
1980). It has good, even burning characteristic and been used as
firewood species since time immemorial. The speisietensively used in
the manufacture of plywood; pencil slates, blackrds, bobbins, packing
cases and tea boxes etc (Anonymous, 1980). Thedoatains 7 per cent
tannins and is used in dying to deepen the colduRubia cordifolia
(Anonymous, 1972). The young twigs are used fongyihe loads, rope
bridges and in the construction of baskets. Itdias medicinal importance.
It is very good astringent and a decoction of thklis applied externally to

treat swelling and body pains.

The wood is soft, even grained, hard to cut andused for

construction of furniture. Alders are described asnmercial timbers



(Pearson and Brown, 1932). The fresh leaves anescare used as fodder
occasionally (Laure, 1945). It is a pioneer spetoesafforestation of land
slips and fresh cuttings in hill slopes and degdatkabitats with low
fertility levels (Luna, 1996). These are primarycasessional species
forming Alnus poplusommunity on newly formed sites on the river banks
(Puri, 1960). Considering such diverse uses oktlexies it may predicted
that it might have been present abundantly in @iy in past but people
might have used it drastically for various purposesulting in to its

extinction.
5.1.2 Status and distribution

During the course of survey observations with eespo its status,
distribution, concentration and identification dfl existing Alder trees in
the area were also recorded. The species was flaubd growing in the
Srinagar district only at restricted places vihg&d Harwan and Sonawar.
The total number of trees present in Harwan welg thmee and the same
trees were the oldest (127 years approximately3 onéhe valley. About its
origin two schools of thought prevailed in the ar@ae school of thought
believed that the tree was indigenous to the vadey were growing
abundantly in the past and due to their indiscratarfelling for their use as

fuel wood they had turned rare and endangeredrargdanly three trees are
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surviving in the valley. This view is supported Ggntre of Research for
Development/PG Department of Environmental Sciendaijversity of

Kashmir, Srinagar.

According to another school of thought, these treese not
indigenous to the valley and have been raised fsg@d brought from
outside in the 19 century by some English Silviculturists. What se@re
may be the fact but one cannot deny that Kashmmditions are very much
feasible for the Alder plantations. This has bemplg proved by the state
forest department by raising Alder seedlings ata8@r from its seed and
through the present study by accomplishing sucoklgsthe second

objective of the project i.e. Propagation of AldeKashmir Valley.

The trees is however abundantly found in other spaft J&K
especially along the banks of river chinab, Ramksmnani, Batote, Punch,
Rajouri etc. One of the reasons for its absencthenvalley may be the
insufficient levels of dispersal of viable seedstloé species due to the
absence of Alder plantation in the valley and beeaaf the enclosure of the
valley by the chain of mountainous ring obstructing seed dispersal from

outside into the valley



5.2  Propagation of West Himalayan Alder

In order to achieve this objective, studies weredentaken to

determine :
* Maturity indices
» Raising of seedling nursery

* Vegetative propagation through treated hardwood and

softwood cuttings
5.2.1 Maturity indices

The knowledge of exact stage and time of seednhats essential
for collection of abundant quantity of healthy arigorous seeds (Troup,
1921). In order to determine the optimal time feed collection of West
Himalayan Alder treeAlnus nitidaEndl.) the cones were collected from
the available trees after every 15 days of intefiah 1™ of October till
their maturation. The data collected and presemidte Table shows that
various parameters of maturity recorded on diffecatlection dates had a

significant effect on the germination percentagéhefAlder seeds.
5.2.1.1Fruit/Seed colour(Ocular)

Studies conducted revealed that West Himalayan rAtige Alnus

nitida (Endl.) comes into flowering in the month of J#Wlygust and these



flowers remain on the tree for 2-3 months but farsimof the period they
remain green and therefore their appearance ddhan¢ any profound
effect on the general appearance of the tree ddiomgering. Male catkins
initially green turn yellow on maturation and afteollen dispersal turn
brown leading to their fall finally. Female flowdrsits which are in the
form of cones attain full development after poltina in September but
colour change from green to brown starts in Novanamel by the end of

December turn chocolate brown in colour.

After pollination in September the development eEds become
apparent and by October they are papery and credmtg. Afterwards it
starts turning brown and by the end of Decembeoipletely turns shiny
chocolate brown. Thus by the end of December bottes and seeds turn
brown signifying the appropriate time for its seeallection. In Alder
colour of cone/seed should be considered as arx iofleépeness because
maximum germination percentage was recorded onlgnwthe colour of
the cone/seed was brown but care should be taletrcdmes are collected
before the seed dispersal to avoid wastage of aeddachieve maximum
collection of most healthy and mature seeds asdheyirst to be dispersed.
It is seen that empty cones remain on trees ai$predsal of healthy seeds

for a long time. The seeds from cones persistinthertrees for a long time



are usually empty and therefore useless.

Colour change in fruit/seed coat has been a commetihod for
detecting the maturity of seeds in many forest species. Change in
colour of fruits in junipers to deep blue have besgported by Stoeckler and
Slabaugh (1965). Change in colour of cone and seéd®odar towards
maturity has been reported by Mughal and Thapl{2806). More or less
similar results have been reported by various warker different species
e.g. inLiquidampar styracifluaand Platanus occidentaligBonner, 1972),
Quercusspp. (Bonner, 1974, 1976} arissa opacaand Ficus benjamina
(Maithani et al, 1987),Gmelina arborea(Mindawati and Rohayat, 1994)

andAzadirachta indicgPukittayacameet al, 1995),
5.2.1.2 Fruit/seed weight

Initially at the first collection date {1of October) when the fruit
colour was green, the average weight of fruits wassured as 2.57 g. It
attained maximum average weight of 2.98 g in thentinaf November.
From November onwards weight of the fruit startedharging
conspicuously due to pronounced colour change fgoeen to brown. It
decreased to 1.78 g on'81December after seed dispersal. During the

growing season from October to mid-November thé fueight increased,
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however from mid November onwards loss of moistartkto decrease in

its weight.

Seed weight also varied from time to time and sdwbveimilar
pattern as that of fruit weight. On the first cotien date, the seeds were
not so apparent, therefore, seed weight could aoiaken but on the"®
date of collection, the 1000-seed weight had re¢beabout 2.01 g. The
seed weight reached to its maximum (3.2 g) off Tecember and
afterwards started to decrease. Thus, it can be se¢ the seed weight
continue to show increasing trend even after thdt fiveight started to
decrease. This may be due to continuous nutriéotadion to the seeds for

a very long time.

Increase in seed weight and size is a functioresdurce allocation.
During the developmental phase from October to MNovember the
increase in the weight of fruit/seed may be attaduto the synthesis of
biochemicals in the endosperm and cotyledons ofissemnd to the
translocation of nutrients from plant tissues ted®&uit. However, the
decrease in fruit/seed weight may be attributeddésiccation due to
moisture loss in the later period of growth whishhe characteristic feature
of maturity. Similar findings were obtained by Mwaghand Thapliyal

(2006) who reported that germination percentageeased with the
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increase in seed weight @edrus deodaraRelative high seed weight is
often desirable since it is correlated with rapierngination and good

seedling establishment (Griffin, 1972, Sorensen@anchpbell, 1993).

Same developmental phase have been based on amoihgbedies
undertaken on various crops by Dure (1975), Bevdayg Black (1983,

1985), Noggle and Fritz (1983) and many other.
5.2.1.3 Specific gravity (fruits)

The specific gravity of West Himalayan Alder taidecreased from
0.99 (immature fruits) to 0.656 with maturity ofesks. No germination
(0%) was recorded when specific gravity of seed W89 and 0.96
(maximum) and fruits were green and immature. Haxethe maximum
germination per cent of 42 was recorded when spegifvity was 0.727
and colour of the seed/fruit was brown with greatcpes. Thus specific
gravity and germination percentage had a negativerekation i.e.
germination percentage increased with the decreaseecific gravity of
the fruit. Similar results have been observed inuanber of forest tree
species. Singh and Kachari (2006) studied theioelstiip of germination
percentage and specific gravityRinus kesiaand reported that germination
percentage increased with decrease in specifiatgrat cones. Similarly,

in Spruce specific gravity was minimum at matuf@mgh, 1989). Studies
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showing increase in seed germination with decrgaspecific gravity have
also been carried out in some other tree specieki(M940 and Oliver,

1974).
5.2.1.4 Germination (%)

It is an admitted fact and has been establishéld almost all the
forest tree species that maturity of seed and getioin is correlated. Seed
germination per cent increases as the fruit matanesis maximum when
the fruit/seed is fully mature. This is probably asesult of synthesis of
carbohydrates, fats and proteins and allocationubfients to seeds from
plant tissues which proceed gradually across theoses to maturity and is

commonly defined by germinability.

The studies on the germination of Alder seeds wunadeoratory
conditions revealed the maximum germination (42%3} wbserved for the
last two collections made on "1®f December and 30of December when
specific gravity of fruit/seed, seed weight, frweight were lowest and

colour of the seed coat was shinny chocolate brown.

Singh (1998) observed increase in germinationcpeat from 0.5 to
32.14 in seeds of firAbies pindrow when collected in August to October.
Similarly studies conducted on seed germinationsasdiling establishment

in natural forest of spruce and silver fir in KatggH.P) showed that seed



dispersed in October had lower germination pergentdhan seeds

dispersed in November (Singh, 1998 and Singh, 1989)

The studies conducted on maturity indices theegfoevealed that
the proper stage of harvesting, the Alder fruit&ashmir valley was when
fruit colour is brown with maximum decline in spici gravity and
seed/fruit weight. The maximum of 42 per cent geation was therefore,
recorded on 1% of December. The low value of germination per déa)

is probably due to low percentage of purity of Wdshalayan Alder seeds.
5.2.2 Raising of seedling nursery

Forest plantations are a powerful tool in the canhg efforts of
foresters to increase productivity — the only meahsreconciling the
increasing demands of forest products and seranebe one hand with a
decreasing land available for forest tree on tinemntPlantations also offer
the means of using on large scale the geneticafigraved material
developed by tree breeders. With a few exceptidrsloplars and willows,
trees are generally propagated from seeds anduitabitity and quality of
the seeds have a major role on the success obpitamtaised thereof. The
use of sound seeds from stands of high inherentitguis widely
recognised as the best means of ensuring fast lgramd healthy

plantations capable of yielding high quality wodddhous, 1972).
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Studies conducted on nursery raising of West Hayah Alder
revealed that no significant difference was obsgrwveth respect to
germination, survival and seedling height when sesdre sown in open
beds and root trainers. However, significant déferes were observed with
respect to collar diameter, root length and roatoshatio. The seedlings
raised in open beds exhibited maximum collar di@mgtl5.3 mm),
maximum root length (9.2 cm) and maximum root-shoaito (1.195).
However, the seedlings raised in root trainers la@idd the collar diameter

equal to 14.1 mm, root length equal to 8.1 cm ad shoot ratio of 0.975.

The increased collar diameter and root length thd more root
shoot ratio in seedlings raised in open beds maypiobably due to
abundant space available to root system for drawingture and nutrients
whereas root trainers provided lesser space fdrdeweelopment and thus
help in more resource allocation to shoots. It rasp be probably due to
environmental conditions especially temperature #red medium used in
root trainers (soil : sand : FYM :: 2:1:1). Sin@®t trainers of one size and
one combination were used in the present studyyefibre, their
performance cannot be ignored and study needs ¢arbied out to find out
suitable medium and container size. Similar redudtge been reported by

Mughal (1996) who achieved optimum shoot and ramtetbpment when
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Cupressus torulosand Cedrus deodaraseedlings were raised in open
nursery beds and significantly lesser shoot and d®velopment was
achieved in polypacks. Also, Misra and Jaiswal @)98btained maximum
survival, height and collar diameter in seedlingsed in bigger size of
polybags. Sutherland and Day (1988) reported iseréa seedling growth

with increase in volume of containers.

5.2.3 Vegetative propagation of West Himalayan Aldetree (Alnus
nitida Endl.) through PGR treated cuttings

The vegetative propagation and development of edonwith
outstanding characteristic has been commonly usediculture for many
years particularly in woody perennial cash cropswever, the technology
for producing clonal planting stock in the numbeegded for commercial
forest plantation establishment is relatively n@Wwe main advantage of the
vegetative propagation is that the selected indadisl of many species can
be multiplied in an infinite number of plants ankrations with a high
degree of homogeneity. In utilising these techrsqioe tree improvement
research, whether provenance selection, progerindesr hybridization

can be immediately capatilised and used in treetai@n establishment.

The value of vegetative propagation in forest &lwnderstood. It is
easiest, convenient and economical method of ptaucAlso transfer of

non-additive characteristics through seed is diffic However, it is



routinely possible through vegetative propagati®herefore this can be
used for achieving gains such as growth, which lbasheritability. The

constraints in this approach pertain to biologipabblems related to
maturation state of donor plants, cutting environtegethe condition of

cuttings and survival/growth of cuttings.

In the present study the effect of various PGR&(IIBA, NAA and
NAA + IBA cocktail) at the concentrations of 40@07 1000 and 1300 ppm

each was studied in hardwood and softwood cutiimgéferent seasons.

In the first trial laid in March 2007, hardwood titngs were
collected from the available trees from Harwan,n&gar and after
preconditioning and treating with above mention€&RB at the captioned
concentrations for 24 hours were planted both i@nopeds and polybags.
In this trial cuttings failed to root in open beds well as polybags.
However, some results in terms of sprouting pesggtvere achieved. The
average length of the sprout recorded was 3.0 crohwgdurvived for about
60 days. The failure of the cuttings to root mayalteibuted to the factor
that the selected concentrations of PGRs do notselispecies or may be
due to the factor that these cuttings were coltedtem very old aged
available Alder trees of Harwan, Srinagar which Imhidnave lost the

rejuvenation power.




In the 2° trial laid in August, 2007 the juvenile (currerstay growth)
softwood cuttings were collected and after givingcl dip treatments of
above mentioned PGRs at above captioned concemsator 30 seconds
were planted in polybags of siz&7" and were kept in shade. Although a
good number of cuttings sprouted but no cutting alale to produce roots.
The average length of the sprouts recorded wasr8.%hich survived for
about 35-45 days. This time the failure of the ing to root may be
attributed to the prevailing high temperature dgrihis season resulting in
the desiccation of highly succulent softwood cgisinalso may be quick
dip must have been given to them at higher conagotrs or once again
may be due to the factor that these cuttings wks@ @ollected from very

old aged available trees of Harwan, Srinagar.

In the 3 trial laid in March 2008, hardwood cuttings wemlected
from young (3-4 year old) trees from Ramban andrdfeating with given
concentrations of above mentioned PGRs for 24 haumd after pre-
conditioning them by removing some portion of barkhe form of ring (3
mm) at a length of about 2.5 cm from the basal erete planted both in
open beds and polybags. In this trial cuttingsethito root in open beds,
however, some results in terms of sprouting peeggntvere achieved. Out

of various treatments, IAA 700 ppm, IBA 700 ppmAIR000, NAA 700
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and IBA + NAA cocktail 700 ppm showed 20, 35, 30,a&hd 45 per cent
sprouting respectively as against 20 per cent imirob The overall average
sprout length was equal to 4.5 cm. In the same rarpat the cuttings
treated with same hormones at above mentioned ntatiens and planted
in polybags of size"7x 5” containing soil, sand and FYM in the ratio of
2:1:1 and kept in shade showed prominent resulis r@spect to sprouting
and rooting. The effect of PGRs on aerial char&ties and rooting
behaviour of these cuttings was recorded and ha&n hwesented in

Tables-5-11.

It was seen that response of various treatmentarttsnvsprouting
was varied. The IBA and NAA cocktail at 700 ppm wied maximum
sprouting (70%), followed by IBA 700 ppm (60%), AN 700 ppm (50%)
and IBA 1000 ppm (40%). Out of the treatments uzdg 700 ppm of each
hormone was able induce rooting. Maximum rooting63 was showed by
IBA + NAA cocktail at 700 ppm followed by NAA 700pm (15%), IBA
700 ppm (15%) and IAA 700 ppm (5%). All the cutsngvhich rooted
survived till the end of growing season so theres wat any significant
effect of hormones on survival percent of rootettiegs. Maximum shoot
height (18.925 cm) was obtained in NAA + IBA cock#0 ppm followed

by NAA 700 ppm (18.525 cm), IAA 700 ppm (18.3 cnmdalBA (17.45
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cm). Similarly maximum collar diameter was obtainedlAA 700 ppm
(17.8 mm) followed by IBA 700 ppm (17.6 mm), NAATQ@pm (17.15
mm) and IBA + NAA cocktail at 700 ppm (17.05 mm).akMmum root
length was recorded in IBA + NAA cocktail at 700 npp(11.50 cm)
followed by NAA 700 ppm (11.35 cm), IBA (11.05 crad IAA 700 ppm
(10.9 cm). Maximum root diameter (13.45mm) was rded in IAA 700
ppm treated cuttings followed by IBA 700 ppm (1A5%m) IBA + NAA

cocktail at 700 ppm (12.45mm) and NAA 700 ppm (D2wm).

On the basis of the study it can be concludedahgthormone used
at 700 ppm can induced rooting in Alnus nitida starttings and none was
able to induced rooting at concentrations othen th@0 ppm. Keeping the
overall effect of hormones on sprouting, rooting aerial characteristics in
view it is concluded that IBA + NAA cocktail at 7@pm is the best plant
growth regulator for vegetative propagation of Wedshalayan alder under

existing conditions.

Though it has been reported many a times that auxiatural or
artificial, trigger root initiation process and arequired for initiation of
adventitious roots on stem cuttings, there is Vigttg attempt to explain the
nature of its effect (Gautheret, 1969). Auxins phawitifarious roles related

to the division and elongation of meristem, diffgration of cambial

A,



initials into root primordia and the mobilisatiohreserve food materials by
enhancing the activity of hydrolysing enzymes. Radlauxins in enhancing
the callosing and rooting has been reported by eleysand Bentley
(1956); Haissig (1971); Nandd al (1970) and Loach (1988). According
to Kralik and Sebanek (1983). Auxins treatment eaocsnsiderable cell
elongation and proliferation in cortex, phloem am@onbium and results in
breakage of continuous sclerenchymatous rings. woog to Haissig
(1974, 1982), auxins induce hydrolysis and mokiliga of nutritional
factors to the site of application, promoting thireoot initiation. Haissig
(1986) observed that increased hydrolytic activtye to applied auxins

resulted in higher rooting percent in the cuttings.

Preconditioning studies have shown that maximuntimgaccurred
in ringed cuttings, which was significantly bettaan the unringed ones.
Besides mean rooting, number of roots and roottlemgre also higher in
ringed cuttings. Preconditioned cuttings @eltis australisand Grewia
optiva have been reported to greatly improve the meatngp@Singh and
Kumar, 1974). Hare (1977) found more rooted cg#imnd longer root
system in ringed cuttings &finus elliottii. Again the present findings are in
general in conformity to those of Dhua and Sen 2)38ho also obtained

very high rooting success in ringed cuttings afhlitwith 5000 ppm IBA,

yp,



besides significant promotion in root number aook tength. Further high
success in rooting obtained by Debnathal (1986) in ringed cuttings of
lime also supported the findings of the presentidyst Rooting in ringed
cuttings may largely be ascribed to changed phygiodl conditions
brought about by increased carbohydrates, C/N,r&tal phenols, RNA
content and more activity of polyphenol oxidase agéoxidase and

reduced level of nitrogen in the ringed cuttings.

Senet al (1967) suggested that changed physiological statuhe
regenerating tissues consequent upon precondigormsnan important
condition in the formation of roots in the relatiwelifficult to root species.
Gowda (1983) attributed improved rooting in tamdritayers due to

enhanced biochemical status generated by ringing.

Probably few of these conditions have triggerednged cuttings of

the present study resulting in rooting.



CHAPTER -6

SUMMARY AND CONCLUSION

Alnus nitidaEndl. locally known as champ is one of the impatrta
broad leaved tree species of western Himalayastla@fore commonly
known as West Himalayan Alder. It belongs to famBgtulaceae. In
Kashmir it is found in Srinagar only. This tree lggd multifarious uses but
due to its absence in the valley very less is kntavpeople about its uses,
methods of propagation etc. Because of the lacth@fbasic information
about the tree, it has not been used to its fulpeséntial in the valley,
therefore to fill this gap, current studies entltl&tatus and propagation of
Alder (Alnusspp) tree in the Kashmir valley” was undertaked aarried
out at the Faculty of Forestry, SKUAST-K, Shalingarring the year 2007

and 2009 with the following main objectives:
I.  To study status and distribution of Alder in Kashralley.
ii. To study propagation of Alder.

Summary of the results obtained after the saidysaind as follows:

* Detailed survey conducted revealed that only Almis species

was found growing in the valley. On the basis oémdlogical



characteristics the species has been identified\lags nitida

Endl.

It is a large semi-deciduous nitrogen fixing treghwa straight
trunk and spherical but spreading crown. Leavesetgtical,
ovate, acuminate, crenate and alternate. Bark ris gl®ey with
longitudinal furrows. Male catkins appear as natyogylindrical
clusters, initially green and later turn yellow.nkae catkins are

cone like and so is its fruit.

The tree has been observed to be surviving onlynnagar
district that too at two sites only i.e. Theed Harvand Sonawar.
The oldest trees three in number were found in d@hdarwan.
The average age was worked out to be about 125 yedin
approximate average height of 35 metres and appeigi

average DBH of 180 cm.

The studies conducted on maturity indices revedhad seeds
become mature by middle of December having seetlcaaur
as shiny chocolate brown with cone specific gra\idy727),
1000-seed weight (3.2 g) and cone weight (2.437d)raaximum

germination percentage of 42.
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The seeds do not exhibit any kind of dormancy bse Iviability

in six months.

Studies conducted on nursery raising of West HigzadaAlder

revealed that no significant difference was obsdmwéh respect
to germination, survival and seedling height wheeds were
sown in open beds and root trainers. However, fogmt

differences were observed with respect to collamditer, root
length and root shoot ratio. The seedlings raisedgen beds
exhibited maximum collar diameter (15.3 mm), maximuoot

length (9.2 cm) and maximum root-shoot ratio (1)18®wever,
the seedling raised in root trainers exhibited ¢bkar diameter
equal to 14.1 mm, root length equal to 8.1 cm aad shoot ratio

of 0.975.

Studies conducted on vegetative propagation of \Mesalayan
Alder through treated stem cuttings revealed tBs + NAA
combination at 700 ppm is the best plant growthnae for its

vegetative propagation under existing conditions.

Softwood cuttings which were also treated with PGRs IAA,

IBA, NAA, IBA/NAA combinations at 400, 700, 1000,3Q0

a0



ppm by giving quick dip in the month of July failéd root.

However, studies need to be explored further.
CONCLUSION

Only one Alnus species was found growing in thdeyabhnd the
same has been identified Aus nitidaEndl. Tree (West Himalayan Alder
Tree). The tree was found growing at restricteccgdaonly in Srinagar
district of Kashmir valley. Some old trees wereal®d in Theed Harwan
and few young Alder plants were found in Sonawdre Three trees found
in Harwan, Srinagar were also the oldest livingsref the Kashmir valley.
By the presence of these three old trees in Harivamy be concluded that
the tree does not grow naturally in the Kashmiteyahnd might have been
sporadically introduced in the Kashmir valley lobgfore and the species
has failed to flourish here naturally. These treage survived in this area
because of the protection measures taken by tla p@ople and an NGO
namely Unjuman-i-Falahi Islam. The presence of fgoung plants in
Sonawar amply proves that the tree species caai®edrsuccessfully from
seed after proper care and attention in earliersyeéehe tree has already
been declared as endangered and heritage treecbo¢®d to take steps to
make them part of various plantation drives esfigdiar the plantation of

moist degraded tracts and newly exposed soilsdease their number in



the Kashmir valley to the limit where it can pergge itself naturally.
Being a non-leguminous nitrogen fixing speciesthiives well on such
soils and thus can prove an asset for this purgagéhermore, as the tree is
non-leguminous nitrogen fixing tree and is havingltifarious uses, thus
can be also recommended as an agroforestry tremespalthough other

management studies need to be carried out.

On the basis of studies conducted it is recommerttdat seeds
should be collected by the end of December whercdheur of both cones
and seed turn chocolate brown indicating their migtuThe seeds do not

possess any dormancy but their percentage of pantgry low.

Seeds sown in open beds perform better with resjpedeveral
characteristics as compared to root trainers sanag conclude that open

beds should be used to raise its seedlings. Isasseeconomical.

Preconditioned hardwood cuttings treated with IBANAA @ 700
ppm in wet formulation produced better results widispect to several
above ground and below ground characteristics,efoer, it may be
concluded that IBA + NAA cocktail @ 700 ppm in wietmulation should
be used for vegetative propagation of West Himalaihler trees through

hardwood stem cuttings.



Recommendations

>

Oldest trees identified should be declared heritages and

measures should be taken to protect them.

Steps should be taken to raise its plantationi@dify upto the limit

where it can perpetuate itself naturally.

Because of its ability to grow on inorganic moistls successfully,
it should be declared a social forestry tree anullshbe used in

riverside and canal plantation programmes.

Being a pioneer species it can be used in vari@camation

programmes to afforest degraded areas and newbsegsoils.

Being non-leguminous nitrogen fixing tree and nuultpose species,
it should be recommended as an agroforestry treeiep after

proper interaction studies with other plants amapsr

The standardized propagation techniques for Kashafiey worked
out through this project should be made use ofhduts propagation

and same should be disseminated to the concerpadtoents.

Its multifarious uses should be highlighted in conmmmasses so

that they get motivated to plant it.
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It was first work of it's for the species, some mavorks covering
various other aspects about the species shoulthbeds so that we can get

comprehensive knowledge about the tree species.
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APPENDIX-I

Villages surveyed throughout the Kashmir valley taarrive at the status of
Western Himalayan Alder tree

District Block Panchayat Village
1. Srinagar i. Srinagar Dara New Theed
Syedpora
Burzahama Burzahama
Wanihama
Batapora Batapora-A

Syedpora Hamchi

2. Ganderbal i. Ganderbal Nunar Nuner Proper

Dadkanth

Tulmulla Tulmulla Proper
Dangerpora

Ganderbal Doderhama
Saloora

Warpuh Warpuh
Shuhama

ii. Lar Lar Lar Proper

Khranihama

Manigam Manigam
Wayol

Dub Dub

Haripora Haripora
Bonetul

iii. Kangan Kangan Kangan

Margund

Wangat Wangat
Pahalnar

Wusan Wusan
Preng

Sonamarg Sonamarg
Sarbal

122



3. Budgam

iv. Wakura

i. B.K. Pora

ii. Chadura

iii. Khansahib

Barsoo

Gogigund

Batweena

Dab

B.K. Pora

Chattergam

Dawlatpora

Wathora

Chadura

Hanjoora

Sogam

Namtihal

Arigam

Raithan

Watterhel

Rawalpora

1123

Barsoo
Wandhama
Gogigund
Mujigund
Batweena Payeen
Batweena Balla
Dab
Shadipora
B.K. Pora
Nowgam
Chattergam
Wagura
Dawlatpora
Punzipora
Gopalpora
Bugam
Chadura
Alipora
Hanjoora
Rangar
Sogam
Gund
Namtihal
Yaarkalan
Arigam
Doodpathri
Raithan
Narkara
Waterhel
Brail
Rawalpora

Khospora



4. Anantnag

iv. Nagam

i. Qazigund

ii. Qamoh

iii. Shahabad

Nagam

Nowpora

Badipora

Harfobatpora

Konigam

Panzath

Lowr Munda

Sadowara

Rewani

Kujar

Frisal

Arwani

Browgam

Kredimowpora

Verinag

Larkipora

Nagam
Tangnaar
Nowpora
Lolipora
Badipora
Buzgoo
Harfbatpora
Narpora
Watihal
Chakbarwani
Wanpora
Shampora
Badarmun
Chang
Khatgund
Kralpora
Hovar
Mushkoor
Tanjbal
Talgranth
Shorpora
Badura
Kherpora
Nowpora
Mohamudabad
Bunpora
Kredi (A)
Nowpora
Gurnar
Malikpur
Naidpora
Larkipora



5. Pulwama

iv. Achabal

i. Kakapora

ii. Keller

iii. Pulwama

Brantr-Darpora

Achabal

Shalipora

Trahpu

Newa

Pinglon

Lajoora

Kakapora

Rajpora

Rahmoo

Drubgam

Zawoora

Tahab

Achan

Malangpora

Chandagam

Branti
Palpora
Chaki-achabal
Jagigund
Shalipora
Chek
Sunsun
Magraypora
Newa
Zadoora
Pinglon
Pathan
Lajoora
Kalil
Kakapora
Badipora
Rajpora
Chandpora
Rahmoo
Zaajigam
Drubgam
Kespur
Zawoora
Nagbal
Tahab
Malapora
Achan
Patipora
Malangpora
Bandarpora
Chandagam

Mooninabad



6. Shopian

7. Kulgam

iv. Pampore

i. Shopian

i. D.H. Pora

ii. Kulgam

iii. Pahloo

Andrusoo
Barsoo
Hatinwara
Hunipora

Heff
Momander
Pinjoora
Saidpora

D.H. Pora
Boh

Chimmer

Asnoor
Checkpora

Yaripora
Bongam
Chellan
Akhal
Asthal

Banmulla

Brinal

Andrusoo
Barsoo
Hatinwara
Hunipora

Heff

Shirmal
Momander
Chandpora
Pinjoora
Gughad
Saidpora
Amshipora
Ahmadabad-A
Ahmadabad-B
Boh-A
Boh-B
Chimmer-A
Chimmer-B
Asnoor
Checkpora
Ban
Yaripora
Humbadau
Bongam-A
Gania Mohalla
Chehllan
Pranhal
Akhal
Asthal
Banmulla

Brinal



8. Bandipora

i. Bandipora

ii. Gurez

iii. Hajan

iv. Sumbal

Vi

Aloosa

Quilmugam

Astingo

Bankot

Wanpora

Khaniyal

Ismarg

Kanzalwan

Madwan

Banyari

Shahgund

Safapur

Chachihagur

Kakapora

Nowbagh

Naidkhai

Aloosa
Malangam
Quilmugam
Kema
Astingo
Kanibach
Bankot
Chitternar
Wanpora
Badwan
Khaniyal
Faqirpur
Ismarg
Gulshanabad
Kanzalwan
Nayal
Madwan
Breng
Banyari
Mukhdoomyari
Shahgund
Vijpur
Safapur
Gratibal
Chachihagur
Markand
Kakapora
Saderkoot Bala
Nowbagh
Satkree
Naidkhai
Asham



9. Baramulla

i. Baramulla

il. Zainageer

iii. Tangmarg

iv. Pattan

vii

Baramulla

Uri

Gulmarg

Rohama

Watlab

Dangerpora

Bomai

Seelo

Hajibal

Hadrumadan

Ferozpur

Hatipora

Pattan

Shirpur

Nolur

Wanigam

Bose
Binner
Uri
Lagama
Gulmarg
Khelanmarg
Rohama
Shalkote
Watlab
Magraypora
Dangerpora
Dooru
Bomai
Logeripora
Seelo
Bohripora
Alapather
Babareshi
Madan
Batipora
Ferozpur
Mahnin
Qazipora
Wanganpur
Pattan
Zangam
Mirpur
Haritrat
Nolur
Sheerabad
Wanigam

Telgam



10. Kupwara

i. Kralpora

ii. Trehgam

iii. Sogam

iv. Kupwara

Kralpora

Dardpora

Sheelur

Darhari

Guglosa

Gulgam

Harrai

Trehgam

Sogam

Khumriyal

Kanthipora

Darpora

Kupwara

Drugmulla

Mugalpora

Haihama

Idgah
Takipora
Mukam
Thandipora
Muslimpora
Gofbal
Darhari
Warpora
Lonepora
Bonpora
Gulgam
Batargam
Qadrabad
Kawari
Sheikhpora
Malikpora
Sogam
Wanipora
Khumriyal
Tenjbal
Kanthipora
Surigam
Darpora
Lalpora
Kupwara
Dudwan
Drugmulla
Bumhama
Mugalpora
Punima
Haihama

Manzar
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