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Chapter — 1
INTRODUCTION

The practice of silkwormBombyx moriL.) rearing for the purpose of
cocoon production continues to be one of the mogiortant avocations which
provide employment to people from rural areas litéctly as well as indirectly.
The sericulture industry which is mainly concermath mulberry cultivation and
finally silk cocoon raising does not involve angiteus technique, instead assures
income to farmers in quickest possible time. Muipesericulture generates
remunerative employment to 12-13 persons throughtloel year (Jolly, 1987)

with competitive low investment and short gestafeniod.

China is the largest silk producing country witloguction of 1,26,000
metric tons of raw silk (Anonymous, 2013a) followley India with a production
of 23,600 metric tons of raw silk (Anonymous, 20130 Jammu and Kashmir
28000 rearers are engaged with silkworm rearin@ watcoon crop production of
9.01 lakh MT generating revenue of 1192.67 Lakheagp(Anonymous, 2013c).
The quality of mulberry leaves is considered as rimg factor governing

production of good cocoon crop (Kumar, 1988).

In order to fulfill the gap between production asmhsumption, more and
more efforts need to be put in all the sectorseoicalture and one such sector is
mulberry cultivation. Since, mulberry constitutadyofood for silkworm rearing

as such it needs to be propagated on large scale.

Propagation by root grafting takes four to five ngeto raise plants in the
field. In addition it involves high cost of laboand being a skillful process slight
error might result in complete failure of graft,sies compatibility of stock and
scion is a vital factor (Nanda and Kochar, 198%)e Tate of survival in root
grafting practiced in Kashmir for propagation oflbmrry genotypes of temperate

origin is only 20-30 per cent (Bakash and Khan,1200

2



Popular varieties of mulberry available in the eglido not root easily
through cuttings, thus coming in the way of progres development of industry.
This not only creates scarcity of mulberry leafte area but at the same time
reduces the magnitude of silkworm rearing whichnéwates in lesser cocoon

production and low income generation.

The literature reveals that willowsélix sp.) are fast growing deciduous
trees that are found mainly in the north hemisphareold arctic and north
temperate zones. They root very well irrespectivenedium they are grown in
and it is said that willow cuttings can even bevgraf put upside down. This
property of willows is due to the naturally occuagiplant rooting hormones
which they contain. Willow extract has been sucitdlysused in inducing rooting
in rose cuttings. We can take the advantage ofrtaiarally occurring hormone
and make extracts (willow water extract) that canused to induce rooting in
cuttings of mulberry plants. Willow extract can im@de from cuttings of any tree
or shrubs of the willow family.

Popular mulberry varieties viz. Goshoerami, Ich@oSKM-33 (newly
evolved) although good in various quality and gigniraits are shy rooters.
Though literature is available on rooting of mullyethrough different techniques,
yet it is always demanding to have an alternativhmd/technique which could
be put in place for easy and more economic propagabethod/technique and
one such method could be use of willow extract Wiias been found effective in
enhancing rooting in other plants. So it was feluse willow extract for testing

its influence on rooting in mulberry.

Sericulture is a cottage industry, which generataple work for the rural
agrarian population in general and women folk intipalar in food plant
cultivation, silkworm rearing and reeling, while meemain also engaged in silk

weaving besides attending the work in agricultigtl$.
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In India, sericulture is practiced as a continudaisd based activity
throughout the year, yielding a series of abouted®&on crops in tropical climate
(Benchamin, 1994) and estimated to provide direapleyment to about six
hundred thousand people (Subramarigal, 1995).

Out of 6.29 lakh villages in India, sericulturepisacticed in about 52,000
villages. In Kashmir, sericulture is practiced BOAillages which constitutes 1.46
per cent of the total sericulture villages in Indide mulberry is generally grown
as trees; the farmers often face the shortage affdaring silkworm rearing,
which in turn affects the quality, productivity aedonomics of this activity (Mir
et al, 2005).

In order to explore the possibility of increasimgliiicing rooting in
mulberry cuttings, willow extract has been used aundifferent concentrations

with below given objectives:
» Efficacy of willow extract as a root inducer in rbalry.

e Comparative study on influence of IBA and willowtect on
rooting of promising mulberry genotypes under polyse

conditions.



Chapter — 2
REVIEW OF LITERATURE

Propagation of mulberry on a large scale is oneth# important
prerequisite for the development of sericultureustdy. For easy and rapid
propagation rooting ability of any genotype is afgamount importance. In case of
mulberry the propagation through stem cuttings hie easiest, cheapest and
quickest method as compared to other methods imgudrafting for which
several studies have been carried out in Indiaqodetly in tropical regions to

find out rooting potential of mulberry genotypesa(Rand Khan, 1963).

In India the most common method of propagation afbarry is through
stem cuttings which results in preserving prototyg#ant character
(Krishnaswamy, 1994) while in Kashmir valley propaign of mulberry is
through root grafting as propagation through stamting is not satisfactory
(Bindroo and Dhar, 2000; Baksh and Khan, 2001).

Pridham (1942) while studying the factors influemngithe rooting of
cuttings and growth of young plants observed traiting of cuttings and
subsequent growth of young plants depend primarppn the maturity and

treatment of the stock plant.

While studying the influence of mineral nutritiom @roduction, rooting
and survival of cuttings of Azaleas, it was obsdrteat nutritional status of the
cuttings and different stages of maturity of cigtirhad influence on the rooting of
the cuttings (Prestoet al, 1953).

The clonal difference in mulberry for root growtlarameters clearly
indicated that the clones differed significantly &hoot and root length, number
of roots/sapling and volume of roots/sapling (Béwad Hattalmani, 1992).

Studies conducted to determine the relationshipvéxt carbohydrates

and nitrogen level on the rooting of pear cuttinggealed that appropriate levels
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of carbohydrates are essential to supply energyditierentiation and root
development in the cuttings and it was concludeat thhe total reserves of
carbohydrates coupled with low levels of nitrogew #otal number of competing
metabolic sites on the cuttings determine the amotinoot formation (Ali and

Westwood, 1966).

Kasiviswanthan and lyenger (1967) conducted an raxpat to find out
the suitable position upto which the cuttings canpoepared for planting and
observed that there was a gradual reduction inttéan weight of cuttings from
basal to apical end and cuttings obtained fromhbibgom position of the plant
were superior to the cuttings obtained from toptpos

The advantage of rooted plants over seedling stockide their faster
growth rate (Ooyama and Toyoshima, 1965) greatek&tcion uniformity, better
site matching, true to type character and alsotgresood volume production
(Fielding, 1969).

Comprehensive studies on various aspects of muylbeuttings have
revealed that rooting is an genetic character, Wwhg highly influenced by

climatic conditions like soil moisture and temperat(Honda, 1970).

In temperate countries most of the mulberry vagetilo not respond to
clonal propagation due to poor rooting ability amthout pre-treatment (Bindroo
et al, 1988 and 2000; Baksh and Khan, 2001).

Hartmannet al. (1997) have reported root initiation and rootifmlity as
the fundamental consideration in vegetatively gated crops.

Fotedaret al. (1990) while assessing the rooting of Chinese &itd five
other Japanese varieties under temperate conadiitained satisfactory results in

case of Chinese White.

Mala et al. (1992) have carried out several studies to fint rooting

ability of various mulberry genotypes and have fbymopagation through stem
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cuttings as best method in comparison to graft @alhe in tropical regions of
India.

Baksh et al. (2000) while assessing the performance of ten tgpee
under temperate conditions of Kashmir reportingti@aoting ability of 5.56 per

cent in Goshoerami and maximum of 60.77 per ceoage of Chinese White.

Baqualet al. (2004) have reported improved rooting ability aidBoerami
cuttings upto an extent of 60 per cent in an easlyast effective way through

polyhouse.

Since survival and growth of the plants are impduriare-requisite for a
genotype to establish in a particular environmsatection of genotypes is done
giving due weightage for both the parameters armtessful establishment of
mulberry plant is achieved if a variety possessgh hooting ability (Fotedaet
al., 2006).

Mir et al. (2011) while studying the performance of six irefigus
mulberry genotypes in Kashmir valley in open antylpouse condition observed
a significant increase in rooting and sproutingcpatage under polyhouse

conditions.
2.1 Effect of growth regulators on rooting

Propagation by root grafting takes in all, fourfitee years to raise plants
in the field. In addition it involves high cost lafbour and being a skilful process,
slight error might result in complete failure ofaffs. Besides in compatibility of
stock and scion is a vital factor (Nanda and Kochh@35).

Baghelet al. (1993) reported that ringing of hardwood cuttiofseedless
lemon Citrus lemonBurm) recorded maximum rooting percentage, numiber o
leaves per shoot, number of shoots per cuttinggtienf shoot and dry matter
percentage of leaves as compared to etiolatiodlimggy and control.
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Among the plant growth regulators auxins have gheatest effect on
rooting of cuttings (Hartmanet al, 1997) and have been found to be very much
effective in inducing root formation, increasingethoot number and length in
many mulberry varieties difficult to be propagateegetatively (Biswas and
Sengupta, 1993).

In an experimental trial conducted from 1960-1968tlbe induction of
rooting in Japanese mulberry varieties Kosen anghGerami by the use of
growth regulators, it was observed that all theanghoregulators were effective in
inducing root formation but the Seradix powder ‘Bé&’ compound proved to be
the best (Rao and Khan, 1963).

While studying the effect of growth regulating stamees viz. Seradix B,
IAA, IBA and NAA on the rooting of cuttings of a Panese variety Kosen,
Mukharjee and Sharma (1971) observed that rootiy growth was optimum
under the influence of IAA at 500 pg Thfollowed by Seradix B. While least
response was obtained in NAA. They further obsertteat an increase in
concentration of IAA from 100-500 pg thinduced better rooting and growth

while in case of IBA and NAA a reverse sequence olaserved.

Honda (1972) made comprehensive studies on thectetie growth
regulators on root initiation of softwood and haodd cuttings of twenty popular
cultivars of mulberry in Japan and observed thatAN#A the most effective in
inducing root in soft wood cuttings and both NAAdalBA are equally effective
for root initiation of hardwood cuttings.

Konarli et al. (1977) observed that cuttings of local cv. Sari Asd
Japanese Ichinose dipped to a depth of 2.5 cm@n 29 mi* IBA produced more
roots than those dipped in 2-3 mm depth.

While studying the propagation of mulberry througtem cuttings in
Kashmir, it was observed that 200 pg n@ibberellic acid recorded highest
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percentage of survivability in the cuttings of Gostami and Rokokyaso
followed by IBA and NAA (Anonymous, 1978).

Shanmugavelu (1975) while working on induction @bting in mulberry
reported that basal cuttings recorded maximum nurabeoots and larger root

length in comparison to middle and terminal cuting

Mala and Basavaiah (1991) while studying the eftddAA and IBA with
three concentrations each on the rooting of cutiof variety S-36 observed
maximum survivability with IAA as compared to IBAé 50 pg mt IAA was

superior than all other concentrations and control.

Experiments conducted on the induction of rootméardwood cutting of
some temperate mulberry cultivars by use of growtjulators revealed that 100
ng mi* IBA improved rooting in Goshoerami, Rokokayaso, KN€hinose and
Kokso-27 whereas 50 pg TiIAA proved effective in Chinese White and NAA
was found least effective (Fotedar, 1989 and Fotedal, 1990).

While studying the propagation ofermanalia arjunathrough stem
cutting with the help of growth regulators, it walsserved that cuttings treated
with IBA at 1000 pg mt showed better rooting, maximum number of primary

roots and higher survival rate after transplanisget al, 1993).

A nursery trial conducted on the use of NAA andR,tb promote rooting
and survival of stem cutting of mulberry variety36+evealed that 25 and 50 pg
mi™ of IBA gave highest rooting percentage followedSfyand 75 pg riiNAA
(Chandrashekesat al, 1996).

While working on rooting of two exotic mulberry ttngs with various
growth regulators, Kamili and Shah (1996) obsertteat efficacy of growth
regulators varies from species to species and framety to variety. They further
observed that Goshoerami variety responded wellAd treatment whereas
Kakso-27 showed successful rooting with NAA at 50§ mI* concentration.

Similar results were observed by Bindroo and DBaA0NQ).
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Planting of mulberry cuttings in late March is favable period for higher
percentage of sprouting and survival (Anonymougg8}9

While studying the minimum number of buds requireghoot portion of
stem cuttings for obtaining maximum survival, itsmabserved that basal portion
of the cutting with 3-4 buds recorded higher suaVipercentage as compared to
middle portion (Anonymous, 1980).

Murakamin (1980) observed that quantum of roots strmbts of cuttings
differs according to the parts of shoot from whittings were made. Basal
portion of the shoot produce larger amount of thats and shoots than that of

younger ones.

Tiku and Bindroo (1989) reported that plantaticonirApril to I week of
August are most favourable periods for propagatibhardwood cuttings of easy

rooting cultivars of mulberry.

Nautiyal et al. (1991) while studying the rooting response of bhan
cuttings of teak Tectona grandisas influenced by season and growth hormones
have concluded that the correlation of the roothghe cuttings is significant at
0.1 per cent level of probability with season amdlgper cent level with the

hormone treatments.

Haineset al. (1992) while studying the prospects for the masslyction
of superior selection age phenotypes Axacia sp. have demonstrated that
variation in rooting ability within genotypes onetlsame locations are due to

genetic variation.

In India, the most common method of vegetative agapion and popular
isolation of high yielding mulberry varieties igthigh stem cuttings as it is easy,

cheap and the most convenient method (Sujatham®andin, 1998).

Palanisamy and Bisen (2001) while investigating opgetative
propagation techniques f@endrocalamus aspeeported that the cuttings when

treated with 200 ppm of IAA followed by subsequendvision of mist chamber
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having temperature of 30%2 with 70 to 80 per cent RH gave satisfactory

results.

Peer (2002) while studying the propagation of saml@vars of mulberry
(Morus spp) through stem cuttings under Kashmir conditioase concluded that
by maintaining proper environment under polyhousginum temperature and
high relative humidity), rooting can be inducednmilberry stem cuttings which

are otherwise difficult to root.

The studies on rooting behaviour of some temperatieties of mulberry
revealed that varieties differed significantly imetr rooting behaviour. Highest
rooting percentage viz. 55 per cent was recorde@ashoerami and minimum
16.6 per cent in Ichinose (Mungdtial, 2003).

Mala and Basavaiah (1991) observed that cuttingsntdrom plants that
have made vigorous growth and hence have carbdleydcaumulation in excess
of inorganic nitrogen rooted properly and this aoalation increases with age,

thus increasing the rooting capacity.

Kumar and Syamal (2005) while studying the effdattmlation and plant
growth substances on rooting and survival of ajeta of guava have observed
that etiolation and application of different contations of auxins greatly

influence the number of secondary roots per prinmaoy.

Bhargaveet al. (2006) while experimenting with propagation@épparis
decidus through cuttings have concluded that semi-hard dvoottings gave
superior results over softwood and hardwood in seahsprouting and rooting
percentage as sprouting and rooting of softwood lerdwood cuttings may be
attributed to the immaturity and very hard tissespectively at the base of
cuttings. Similar results have also been presemtegrlier studies of Vashishtha
(1987) who reported that i€apparis decidugssemi-hardwood cuttings gave

better response.
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Mukherjee and Sikdar (1977) while studying thetirggp of matured
cuttings of S.146 mulberry variety found the highest number, root length with
NAA and IBA treatment.

2.2 Effect of willow extract on rooting of some plat species

While working on the rooting experiment on rosetiogs, Kawse (1964)
observed that willow extract has the ability torgtlate rooting unmatched by any

previously known rooting substances, including plasrmones.

In a comparative study on the rooting activity after extracts of chestnut
and willow by bean root test, Gestat al. (1977) found that willow extract
increased rooting and showed a rhythm in the cormérendogenous growth

substances.

While working on the ability of willow extract tosaist in rooting. Kawase
(1970) reported that all plants contain rhizoaaland other factors in greater or
lesser amounts, and it is also seasonally variabtl, the highest concentrations
observed in the early spring.

The separation of a cutting-from a plant causes t&Anove polarly and

accumulate at the base of the cutting stem. Thigitegradient” then causes the
hypothetical rhizocaline to follow suit. Rhizocadinhen assists the 1AA to form
roots. This substance is actually three or foufed#ht unknown elements or
compounds and has been suggested by researcher ®iiier vitamin B, vitamin
H, Boron, sugar, various Nitrogen compounds, or etbig else. Further
chemical research is continuing to identify rhizoeawith certainty.
Willow is perhaps the easiest to root of all woodsd thus contains more
rhizocaline than hard-to-root plants. As rhizocalis perfectly water soluble, it is
available to plants, and as it is natural in aietable matter, it is non-polluting in
large concentrations (Kawase, 1970)

The extract from willow indicated three major reptomoting fractions at
Rf 0-0.1, 0.7-0.8, and 0.3-0.4 in a decreasing roodl¢heir activities when paper
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chromatographed with isopropanol: ammonia: watdr18v/v. The Rf 0-0.1
fraction consisted of at least four fractions ahd strongest one did not move
from the starting line on the chromatogram. Thiartstg line fraction was
extremely strong in rooting activity and its highesncentration resulted in 8.7

times as many roots as controls Gestal. (1977).
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Chapter — 3
MATERIALS AND METHODS

The proposed investigation on the rooting abibtymulberry genotypes
(Morusspp) was carried out at Temperate Sericulture Relséastitute, Mirgund
under polyhouse conditions during 2013. The custiwgre planted during the last
week of March and maintained in the polyhouse, salay and farmyard manure
(FYM) in the ratio of 6:3:1 formed the rooting medi. Aqueous extract of
willow was prepared on the basis of weight/volurdservations on weekly
intervals were recorded on the sprouting till trenatype registered consistent
readings. This was taken as the rooting of genotype varieties of mulberry

used for the study are given as under :
I. Goshoeramil. latifolia)
ii. Ichinose WM. albalLinn)
ii.  SK.M-33 (M.SK.M.33 cv)
3.1 Geographical features of the experimental site

The Temperate Sericulture Research Institute, idgs located at 347
N latitude and 787 E longitude at an elevation of 1587 m above meanlavel.
The Institute is 18 km from Srinagar on Srinagar&ational Highway No. 1-A
in Baramulla district and spread over an area ofh@tares, where various
research programmes, trials, covering all the aigs/pertaining to sericulture are

being conducted.
3.2 Climate

The climate is Temperate-cum-Mediterranean andcasftinental type
characterized with marked seasonality. The regadis fnto mid to high altitude
temperate zones which are characterized by a satwtmermic regime where

winter is severe extending from"®ecember up to mid of March. During winter
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Plate-1 : View of polyhouse where experiment wasnducted
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Plate-2 : Preparation of cutting under progress
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Plate-3 : Filling of polybags with rooting medium



the valley remains almost covered with snow andptsature often goes below

the freezing point.
33 Observation recorded

3.3.1 Experimental details

Design : CRD
Genotypes : 03 (Goshoerami, Ichinose, SKM-33)
Treatments : 06 (root promoters 05, control 01)

I = Willow extract 100%

1 = Willow extract 50%

nm = IBA 1000 ppm

\YARE IBA 500 ppm

\% = IBA 100 ppm

Vi = Distilled water (control)
No. of replications : 04
No. of cuttings/treatment/replication : 10
Treatment combinations ; 18

3.3.2 Methodology of willow extract

Aqueous extract of willow was prepared by dippingol1.5 inch long
horizontally cut pieces of willow branches aboutm®nths old into the boiling
water immediately after removing from the flameeTiu of container containing
boiling water was closed keeping the willow piedesmersed for 24 hours
allowing them to steep (Kawase, 1964). The extthos obtained was then

filtered to prepare concentrations i.e. (100 arfb b0
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Chopped pieces of willow cuttings for preparation bextract

Filtering willow extract

Plate-4 : Willow extract preparation



3.3.3 Preparation of hormone

IBA 100, 500 and 1000 ppm was prepared by dissgl@id, 0.5 and 1 g
of hormone respectively in 10 ml of 100 per cahiaol then made the volume

to 1 litre in distill water.
3.3.4 Rooting medium

Sand, clay and well decomposed farmyard manuretiasughly mixed
in the ratio of 6:3:1 and put in polybags having #ize of 4.5 x 11 inch with 3-4
pores at the bottom to avoid water logging condgiaon the polythene bags

rotting of cuttings (Baquadt al, 2004).
3.4 Planting and cultural activities

Before planting the cuttings were given fungicideatment by immersing
in 0.1% Mencozeb for 30 minutes and then thoroughfshed with distilled
water under shade. After that mulberry cuttingghattime of planting (last week
of March) were first immersed in the hormone/willextract for 30 minutes and
then planted in the polybags keeping upper mostdxpsed. The rooting media

was well moistened through the application of wateplastic cane.

The cuttings were maintained properly by wateringthe morning and
evening hours with the help of water sprinkler, pemature in the range of 25-
30°C and relative humidity in the range of 80-90 pentcin the polyhouse were
maintained by sprinkling water with spray pump irsinfiorm. Manual weeding at
regular intervals was done to remove weeds frorghagls for smooth growth of
saplings and uniform light percolation. Further tha@ythene cover was lifted
from sides of polyhouse as per requirement andwhatdone in order to maintain
optimum temperature as far as possible and to ermmaper upkeep of growing

saplings.
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Plate-5 : Treatment of cuttings with growth regulabrs



3.4.1 Biometric observations recorded

The biometric observations recorded throughout éxperiment are

elucidated blow:
3.4.2 Sprouting percentage

Sprouting percentage was recorded at weekly interatier 20 days of
plantation and noted/calculated as :

Number of cuttings sprouted
Total cuttings planted

x100
3.4.3 Rooting percentage

This was recorded after 75-105 days of plantingrwhe change in the
sprouting was registered by the genotypes. At skeje sprouted cuttings were
taken out of polybags and rooting percentage wafculated as suggested by
Dandin and Jolly (1986) by the following formula :

Number of cuttings rooted
Total number of cuttings planted

x100
3.4.4 Number of roots/sapling

The saplings were gently pulled out of polybagsoted cuttings were
drenched with water to loosen soil adhering to theerd to facilitate their easy
detachment from soil with out damaging their ropstem. Dried with blotting

paper and then counted/calculated.
3.4.5 Length of longest root (cm)

Saplings were gently removed from polybags, washed dried on a

blotting paper and measured with the help of meagwscale.
3.4.6 Root biomass (Q)

This was taken by cutting the root mass of saphuity the help of sharp
blade, drying it on blotting paper and weighingntdigital balance.
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3.4.7 Shoot biomass (g)

The whole shoot biomass was cut off from the sgpand weighed on

digital balance for accuracy in weight.
3.4.8 Root shoot ratio

The root and shoot biomass taken above was usedltalate the root
shoot ratio.

3.4.9 Root volume (cr)

This was taken by washing and cutting the rootipwifrom the saplings.
It was then dried on a blotting paper and immeised graduated cylinder filled
with water up to a particular level. The increasemater level in the cylinder

(water displaced by immersed root) gave the roatne.
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Plant-6 : Measuring of root volume



Chapter — 4
EXPERIMENTAL FINDINGS

The experimental findings recorded during the ssidintitled “Studies on
induction of rooting in some hard to root mulbeggnotypes Nlorus spp.)”
conducted under polyhouse conditions at TemperaecuBture Research
Institute, Mirgund during 2013 are reflected unfidiowing headings :

4.1 Sprouting percentage

Results regarding spouting percentage and sunafter sprouting as
influenced by growth regulators, varieties and rthieferaction are presented in
Tables-1 to 4 and Tables-5 to 10, respectively.

4.1.1 Influence of growth regulators

Periodical observation of the sprouting progresticated that it increased
consistently up to the §5day after planting (DAP) when it reached maximum i
all varieties under experiment. Growth promotersilgxed influence on the
genotypes with T showing maximum sprouting percentage 93.33 pelt cen
followed by T, 90.00. Least sprouting of 76.66 per cent was dsabin control.
From 62" DAP cuttings started to wither and survival of sgenl cuttings started
to decline which continued till 83 DAP then onwards it remained constant
when T, recorded highest survival 83.33 per cent followgdl, 72.50 per cent,

T3 66.66 per cent, least survival was observed irtrob#4.60 per cent

4.1.2 Influence of Genotypes

Mean values of genotypes with different treatmedid not vary
significantly through out the sprouting phase 58" DAP still higher sprouting
percentage of 90.00 per cent was recorded in Gosmodollowed by Ichinose
and SKM-33 with sprouting percentage of 87.50 ahd ® respectively. Survival
after sprouting also did not exhibit any significamfluence between genotypes,
however higher survival of 65.00 per cent was réedrin Goshoerami followed
by Ichinose and SKM 33 with survival percentag®®f33 and 60.41respectively.
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Table-1 : Influence of growth regulators on sprouthg percentage
of mulberry genotypes 34 days after planting (DAP)

Genotypes

Treatments  ---rrrrmrrrermme Mean
Gosherami Ichinose = SKM-33

T1 (Willow extract 100%) 40.00 36.00 36.00 37.33
T, (Willow extract 50%) 40.00 36.00 32.00 36.00
T3 (IBA 1000 ppm) 36.00 36.00 36.00 36.00
T, (IBA 500 ppm) 32.00 36.00 36.00 34.66
Ts(IBA 100 ppm) 36.00 36.00 32.00 34.66
Te Distilled water (control) 36.00 36.00 36.00 36.00
Mean 36.66 36.00 34.66

CD(p<0.05)

Treatment (T) = NS

Genotype (G) = NS

TxG = NS
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Table-2 : Influence of growth regulators on sprouthg percentage
of mulberry genotypes 41 days after planting (DAP)

Genotypes

Treatments  ---rrmmrrromeee Mean
Gosherami Ichinose SKM-33

T1 (Willow extract 100%) 60.00 54.00 54.00 56.00
T, (Willow extract 50%) 60.00 54.00 48.00 54.00
T3 (IBA 1000 ppm) 54.00 54.00 54.00 54.00
T4(IBA 500 ppm) 48.00 54.00 54.00 52.00
Ts(IBA 100 ppm) 54.00 54.00 48.00 52.00
TeDistilled water (control) 54.00 54.00 54.00 54.00
Mean 55.00 54.00 52.00

CD(p<0.05)

Treatment (T) = NS

Genotype (G) = NS

TxG = NS
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Table-3 : Influence of growth regulators on sprouthg percentage
of mulberry genotypes 48 days after planting (DAP)

Genotypes
Treatments oo Mean
Gosherami Ichinose SKM-33

Percentage (Willow extract 80.00 72.00 72.00 74.66
100%)
T, (Willow extract 50%) 80.00 72.00 72.00 72.00
T3 (IBA 1000 ppm) 725.00 72.00 72.00 72.00
T4(IBA 500 ppm) 64.00 72.00 72.00 69.33
Ts(IBA 100 ppm) 72.00 72.00 64.00 69.33
Te Distilled water (control) 72.00 72.00 72.00 72.00
Mean 73.33 72.00 70.66

CD(pso.os)

Treatment (T) = NS

Genotype (G) = NS

TxG = NS
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Table-4 : Influence of growth regulators on sprouthg percentage
of mulberry genotypes 5%' days after planting (DAP)

Genotypes
Treatments oo Mean
Gosherami Ichinose SKM-33

Percentage (Willow extract 100.00 90.00 90.00 93.33
100%)
T, (Willow extract 50%) 100.00 90.00 80.00  90.00
T3 (IBA 1000 ppm) 90.00 90.00 90.00 90.00
T4(IBA 500 ppm) 80.00 90.00 90.00 86.66
Ts(IBA 100 ppm) 90.00 90.00 80.00 86.66
Te Distilled water (control) 80.00 75.00 75.007 76.66
Mean 90.00 87.50 84.16

CD(pso.os)

Treatment (T) = NS

Genotype (G) = NS

TxG = NS
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Table-5 : Influence of growth regulators on survivd percentage
of sprouted mulberry genotypes 6% days after planting (DAP)

Genotypes

Treatments - Mean
Gosherami Ichinose SKM-33

T1 (Willow extract 100%) 100.00 90.00 90.00 93.33
T, (Willow extract 50%) 100.00 80.00 80.00 86.66
T3 (IBA 1000 ppm) 80.00 80.00 70.00 76.66
T, (IBA 500 ppm) 80.00 80.00 90.00 83.33
Ts(IBA 100 ppm) 80.00 80.00 70.00 76.66
TeDistilled water (control) 80.00 70.00 70.00 73.33
Mean 86.66 80.00 78.33

CD(p<0.05)

Treatment (T) = 9.88

Genotype (G) = NS

TxG = 4.03
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Table-6 : Influence of growth regulators on survivd percentage
of sprouted mulberry genotypes 6% days after planting (DAP)

Genotypes
Treatments  —---mrmmrrrermme e Mean
Gosherami Ichinose SKM-33

T1 (Willow extract 100%) 95.00 90.00 80.00 83.33
T, (Willow extract 50%) 100.00 80.00 70.00 83.33
T3 (IBA 1000 ppm) 70.00 70.00 70.00 70.00
T, (IBA 500 ppm) 70.00 70.00 70.00 70.00
Ts(IBA 100 ppm) 60.00 70.00 60.00 63.33
Te Distilled water (control) 60.00 60.00 60.00 60.00
Mean 75.83 73.33 68.33

CD(p<0.05)

Treatment (T) = 11.02

Genotype (G) = NS

TxG = 4.50
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Table-7 : Influence of growth regulators on survivd percentage
of sprouted mulberry genotypes 78 days after planting (DAP)

Genotypes

Treatments  —---mrmmrrrermme e Mean
Gosherami Ichinose SKM-33

T1 (Willow extract 100%) 95.00 90.00 80.00 88.33
T, (Willow extract 50%) 80.00 80.00 70.00 76.66
T3 (IBA 1000 ppm) 70.00 70.00 70.00 70.00
T, (IBA 500 ppm) 60.00 70.00 60.00 63.33
Ts(IBA 100 ppm) 50.00 60.00 60.00 56.66
TeDistilled water (control) 50.00 50.00 50.00 50.00
Mean 67.50 70.00 65.00

CD(p<0.05)

Treatment (T) = 8.90

Genotype (G) = NS

TxG = 3.63
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Table-8 : Influence of growth regulators on survivd percentage
of sprouted mulberry genotypes 8% days after planting (DAP)

Genotypes

Treatments - Mean
Gosherami Ichinose SKM-33

T1 (Willow extract 100%) 95.00 80.00 75.00 83.33
T, (Willow extract 50%) 80.00 70.00 67.50 72.50
T3 (IBA 1000 ppm) 65.00 70.00 65.00 66.66
T4(IBA 500 ppm) 52.50 61.25 60.00 57.91
Ts(IBA 100 ppm) 50.00 56.25 52.50 52.91
TeDistilled water (control) 47.50 42.50 4250 44.16
Mean 65.00 63.33 60.41

CD(p<0.05)

Treatment (T) = 5.937

Genotype (G) = NS

TxG = 10.283
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Table-9 : Influence of growth regulators on survivd percentage
of sprouted mulberry genotypes 9% days after planting (DAP)

Genotypes

Treatments  —---mrmmrrrermme e Mean
Gosherami Ichinose SKM-33

T1 (Willow extract 100%) 95.00 80.00 75.00 83.33
T, (Willow extract 50%) 80.00 70.00 67.50 72.50
T3 (IBA 1000 ppm) 65.00 70.00 65.00 66.66
T4(IBA 500 ppm) 52.50 61.25 60.00 57.91
Ts(IBA 100 ppm) 50.00 56.25 52.50 52.91
TeDistilled water (control) 47.50 42.50 4250 44.16
Mean 65.00 63.33 60.41

CD(p<0.05)

Treatment (T) = 5.937

Genotype (G) = NS

TxG = 10.283
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Table-10: Influence of growth regulators on survial percentage
of sprouted mulberry genotypes 97 days after planting (DAP)

Genotypes

Treatments  ---mmmrrmemeee Mean
Gosherami Ichinose SKM-33

T1 (Willow extract 100%) 95.00 80.00 75.00 83.33
T, (Willow extract 50%) 80.00 70.00 67.50 72.50
T3 (IBA 1000 ppm) 65.00 70.00 65.00 66.66
T4(IBA 500 ppm) 52.50 61.25 60.00 57.91
Ts(IBA 100 ppm) 50.00 56.25 52.50 52.91
TeDistilled water (control) 47.50 42.50 4250 44.16
Mean 65.00 63.33 60.41

CD(p<0.05)

Treatment (T) = 5.937

Genotype (G) = NS

TxG = 10.283
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4.1.3 Interaction effect between growth regulatorand genotypes

Interaction effect between genotypes and growthileggrs remained non
significant till 55" DAP while as survival after 82 DAP showed significant
influence with | (100 % willow extract) recording 95 per cent sualiin
Goshoerami being significantly different from Icbge and SKM-33 which were
in turn at par with each other.

4.2 Rooting percentage

The results regarding rooting percentage as infleénby growth

regulators, varieties and their interaction ares@néed in Table-11.
4.2.1 Influence of growth regulators on rooting

The use of various growth regulators had a sigmficeffect on rooting
percentage of cuttings with; TLO0 % willow extract) being significantly higher
over rest of the treatments recording a value a38per cent. On the other hand
T, (50% willow extract) and (1000 ppm, indole butyric acid) were at par with
each other with rooting value of 72.50 and 66.66qeat, but significantly higher
than T, Ts and Ts. However least value of rooting percentage vi4.18 per cent

was recorded ingl(control).
4.2.2 Influence of genotypes

Although varietal influence on rooting through uskedifferent growth
regulators was non-significant yet, highest valtieooting percentage (65%) was
recorded in Gosheoerami followed by Ichinose an#1S33 recording rooting of
63.33 and 60.41 per cent, respectively.

4.2.3 Interaction effect between growth regulatoreind genotypes

The interaction effect between varieties and groveifpulators recorded
significant difference with T(100% willow extract) recording rooting percentage
of 95 per cent in Gosherami. However, it was l@agi; (control) with a value of

47.5 per cent.
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Table-11: Influence of growth regulators on rootirg ability (%) of
mulberry genotypes

Genotypes

Treatments - Mean
Gosherami Ichinose SKM-33

T1 (Willow extract 100%) 95.00 80.00 75.00 83.33
T, (Willow extract 50%) 80.00 70.00 67.50 72.50
T3 (IBA 1000 ppm) 65.00 70.00 65.00 66.66
T4(IBA 500 ppm) 52.50 61.25 60.00 57.91
Ts(IBA 100 ppm) 50.00 56.25 52.50 52.91
TeDistilled water (control) 47.50 42.50 4250 44.16
Mean 65.00 63.33 60.41
CD(p<0.05)

Treatment (T) = 5.937

Genotype (G) = NS

TxG = 10.283
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Similar observations were recorded with other #@steties viz., Ichinose
and SKM-33 where also rooting was significantly Heg in T; (100% willow
extract) with a value of 80 and 75 per cent, retpely. However in these

varieties also least rooting percentage viz., $2r5cent recorded in controld)T
4.3 Number of roots/sapling

The results regarding number of roots/sapling #senced by varieties,

growth regulators and their interaction are presgim Table-12.
4.3.1 Influence of growth regulators

The various growth regulators indicated significaffect on number of
roots/sapling with T (100 % willow extract) recording value of 9.525r ment
which was significantly higher over rest of theatreents but at par with3T
recording value of 8.725. however, least numberoafts/sapling (5.967) was

recorded in control ().
4.3.2 Influence of genotypes

Varietal influence did not indicate any significatifference on number of
roots/sapling with the variety of various growtlgutators. However number of
roots/sapling was in the order of Goshoerani>Ilcbax5KM-33 with the values
of 7.800, 7.715 and 7.552, respectively.

4.3.3 Interaction effect between growth regulatoreind genotypes

The interaction effect was non-significant. Howevbigher values of
number of roots/sapling in respect of all theseetims under study were recorded
in T1 (100 % willow extract) with values of 9.750, 9.480d 9.425, respectively.
Lowest values for number of roots/sapling in resppécoshoerami, Ichinose and
SKM-33 was recorded ingJ'with values of 6.400, 5.850 and 5.650, respelstive
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Table-12:  Influence of growth regulators on numberof roots/sapling

Genotypes

Treatments  ---mmmmmmmmmmmmm Mean
Gosherami Ichinose SKM-33

T1 (Willow extract 100%) 9.750 9.400 9.425 9.525
T, (Willow extract 50%) 7.200 8.575 8.000 7.925
T3 (IBA 1000 ppm) 9.200 8.600 8.375 8.725
T4 (IBA 500 ppm) 7.250 7.763 7.763 7.592
Ts(IBA 100 ppm) 7.000 6.100 6.100 6.400
Te Distilled water (control) 6.400 5.850 5.650 5.967
Mean 7.800 7.715 7.552

CD(pso.os)

Treatment (T) = 1.1986

Genotype (G) = NS

TxG = NS
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4.4  Length of longest root (cm)

The results regarding the influence of various dhovegulators varieties

and their interaction on root length are presemékhble-13.
4.4.1 Influence of growth regulators

Use of various growth regulators had a significafiféct on the length of
root/sapling. Highest values for longest root wezeorded in T (16.233 cm)
which was at par with ;1(14.917 cm) but significantly different then redtthe
treatments. 7 and & with values of 12.923 and 11.752 were at par \gilch
other. Least value of 9.276 were recordedgn T

Impact of willow extract remained highest followleg hormones which in

turn were superior over the control.

4.4.2 Influence of genotypes

Varietal influence on length of roots was significavith highest values of
13.887 recorded in Goshoerami which was at par thigh of SKM-33 (13.379)
but significantly different for that of IchinoseZB91).

4.4.3 Interaction effect between growth regulatorand genotypes

The length of root was not influenced by the usevafious growth
regulators and did not either indicate any sigaiiic interaction effect with

various varieties under test.

However, Goshoerami with;T{100 % willow extract) recorded highest
values of 16.973 and least values wity (9.000). Similarly higher values for
Ichinose and SKM-33 were recorded with (LOO % willow extract) recording
values of 15.150 and 16.575, respectively. Lowestias in these varieties were

recorded in § reflecting values of 9.790 and 9.038, respectively
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Table-13:  Influence of growth regulators on lengtiof longest root (cm)

Genotypes

Treatments  ---mmmmmmmmmmmmm Mean
Gosherami Ichinose SKM-33

T1 (Willow extract 100%) 16.973 15.150 16.575 16.233
T, (Willow extract 50%) 15.800 14.450 14500 14.917
T3 (IBA 1000 ppm) 14.875 13.375 14.393 14.214
T4 (IBA 500 ppm) 13.675 11.155 13.940 12.923
Ts(IBA 100 ppm) 13.000 10.425 11.830 11.752
Te Distilled water (control) 9.000 9.790 9.038 9.276
Mean 13.887 12.391 13.379

CD(pso.os)

Treatment (T) = 1.6975

Genotype (G) = 1.2003

TxG = NS
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4.5  Root biomass (g)

The results regarding root biomass as influencedvasous growth

regulators and their interaction are presentechinld-14.
4.5.1 Influence of growth regulators

The use of various growth regulators had a sigmificeffect on root
biomass of saplings with; {100 % willow extract) recording significantly lmgr
values of 3.065 g on the other handid T; were at par with each other with root
biomass of 2.539 of 2.379¢g, respectively. Howeeast value of root biomass

viz., 1.302 g was recorded i {control).
4.5.2 Influence of genotypes

Varietal response of root biomass recorded nonfgignt difference with
the use of various growth regulators, however Gesdmi recorded highest root
biomass of 2.139 g/sapling while as other two testeties viz., Ichinose and
SKM-33 recorded value of 2.056 and 2.106 g respelgti

4.5.3 Interaction effect between growth regulatoreind genotypes

The interaction effect between varieties and grovetulators remained
non significant. T (100 % willow extract) recorded highest root bianaf 3.5 g
in Goshoerami, however it was least g(dontrol) with value of 1.270 g.

Similar observations were also recorded with Ickénand SKM-33 where
also treatment (100 % willow extract) recorded highest values26435 and
3.260, respectively. Lowest values in respect es¢hvarieties was recorded ig T
with values of 1.630 and 1.005 respectively.
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Table-14:  Influence of growth regulators on root llomass (g)

Genotypes
Treatments  ---mmmmmmmmmmmmmm Mean
Gosherami Ichinose SKM-33

T1 (Willow extract 100%) 3.500 2.435 3.260  3.065
T, (Willow extract 50%) 2.450 2.195 2.973 2.539
T3 (IBA 1000 ppm) 2.050 2.310 2778  2.379
T4 (IBA 500 ppm) 1.880 1.920 1.505 1.768
Ts(IBA 100 ppm) 1.685 1.845 1.120 1.550
Te Distilled water (control) 1.270 1.630 1.005 1.302
Mean 2.139 2.056 2.106

CD(pso.os)

Treatment (T) = 0.54

Genotype (G) = NS

TxG = NS
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4.6  Shoot biomass (g)

The results regarding shoot biomass influenced hyietres, growth

regulators and their interaction are presentechinld-15.
4.6.1 Influence of growth regulators

The use of various growth regulators had a sigaificeffect on shoot
biomass/sapling with 1T(100% willow extract) being significantly highever
rest of the treatments recording 4.653 g/saplimmpshiomass. On the other hand
T, (50% willow extract) and F(1000 ppm indole butyric acid) were at par with
other with shoot biomass/sapling of 4.008 and 3.443espectively, however
least value of shoot biomass viz. 2.502 (g) wasmded in F (control).

4.6.2 Influence of genotypes

Varietal influence on shoot biomass through usediffierent growth
regulators was non-significant with SKM-33 recoglirshoot biomass of
3.668/sapling which was higher than rest of the waneties viz. Goshoerami and

Ichinose recording shoot biomass of 3.301 and3s2pling respectively.
4.6.3 Interaction effect between growth regulatoreind genotypes

The interaction effect between varieties and grovetjulators recorded
non-significant difference. However,; T100% willow extract) recorded higher
shoot biomass (5.210 g) with SKM-33. Similarly hegtvalues of 5.00 and 3.750
g were recorded in Goshoerami and Ichinose witi100 % willow extract) and
least values of 2.338, 2.970 and 2.200 were redowdéh Ts in Goshoerami,
Ichinose and SKM-33, respectively.
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Table-15: Effect of growth regulators on shoot biorass (g) of mulberry

genotypes
Genotypes
Treatments =~ oo Mean
Gosherami Ichinose SKM-33
T1 (Willow extract 100%) 5.00 3.750 5.210 4.653
T, (Willow extract 50%) 4.035 3.640 4.350 4.008
T3 (IBA 1000 ppm) 3.00 3.155 4.175 3.443
T, (IBA 500 ppm) 2.658 3.025 3.090 2.924
Ts(IBA 100 ppm) 2.778 2.678 2.988 2.814
TeDistilled water (control) 2.338 2.970 2.200 2.502
Mean 3.301 3.203 3.668
CD(p<0.05)
Treatment (T) = 0.66
Genotype (G) = NS
TxG = NS
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4.7 Root-shoot ratio

The results regarding root shoot ratio as infl@ehby varieties, growth

regulators and their interaction are presentechinld-16.
4.7.1 Influence of growth regulators

The use of various growth regulators had significsffect on root shoot
ratio of saplings with 7(1000ppm IBA) recording highest values of 0.693 per
cent being at par with,T(100% willow extract) having values of 0.658. Refbt
treatments 7, T4, Ts and & with values of 0.631, 0.609, 0.556 and 0.515 were

also significantly different from each other.
4.7.2 Influence of genotypes

Highest root shoot ratio of 0.642 was recordedcimnose which was in
turn par with the Goshoerami (0.641) and signifigadifferent from SKM-33
(0.548).

4.6.3 Interaction effect between growth regulatorand genotypes

The interaction effect between varieties and grovefulators recorded
significant difference with 7 recording highest root shoot ratio of 0.707 in

Goshoerami. However, it was least igi(€ontrol) with a value of 0.543.

Similar observation was recorded with other testeti@s viz., SKM-
33recording values of 0.683 with, &nd Ichinose recording values of 0.732 with
Ts. However, in these varieties also least value of shoot ratio of 0.456 and

0.548 was recorded in controlg)T
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Table-16:  Effect of growth regulators on root shob ratio of mulberry

genotypes
Genotypes
Treatments oo Mean
Gosherami Ichinose SKM-33
T1 (Willow extract 100%) 0.700 0.649 0.625  0.658
T, (Willow extract 50%) 0.607 0.603 0.683 0.631
T3 (IBA 1000 ppm) 0.683 0.732 0.665 0.693
T4(IBA 500 ppm) 0.707 0.634 0.487 0.609
Ts(IBA 100 ppm) 0.606 0.688 0.374 0.556
TeDistilled water (control) 0.543 0.548 0.456 0.515
Mean 0.641 0.642 0.548
CD(p<0.05)
Treatment (T) = 0.01474
Genotype (G) = 0.00851
TxG = 0.00602
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4.8  Root volume (cm)

The results regarding root volume @ras influenced by varieties growth

regulators and their interaction are presentechinld-17.
4.8.1 Influence of growth regulators

The use of various growth regulators had signifiedfect on root volume
of sapling with T (100 % willow extract) recording higher values 669
significantly different than rest of treatments. With value of 2.185 was at par
with T3 (1.9783). Least value of 1.185 were recordedimtrol.

4.8.2 Influence of genotypes

Growth regulators did not exhibit any influence warieties, however
Goshoerami recorded highest root volume of 1.9h@. other two varieties viz.,

Ichinose and SKM-33 recorded values of 1.776 ard9respectively.
4.8.3 Interaction effect between growth regulatorand genotypes

The interaction effect between varieties and grovetfpulators remained
non-significant. T (100 % willow extract) in respect of Goshoeramtarged

highest root volume of 3.175, however it was léadts with a value 1.240 cfn

Similarly higher values of (100 % willow extract) were recorded in
Ichinose and SKM-33 with values of 2.170 and 2.66&pectively. Lowest values
of 1.313 and 1.003 in these varieties was recondddTs.
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Table-17 :  Effect of growth regulators on root volune (cn?)

Genotypes

Treatments  ---mmmmmmmmmmmme Mean
Gosherami Ichinose SKM-33

T1 (Willow extract 100%) 3.175 2.170 2.663  2.669
T, (Willow extract 50%) 2.200 2.010 2.345 2.185
T3 (IBA 1000 ppm) 2.080 2.110 1.745 1.978
T4 (IBA 500 ppm) 1.643 1.553 1.493 1.563
Ts(IBA 100 ppm) 1.500 1.500 1.128 1.376
Te Distilled water (control) 1.240 1.313 1.003 1.185
Mean 1.973 1.776 1.729

CD(pso.os)

Treatment (T) = 0.38

Genotype (G) = NS

TxG = NS
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Chapter -5
DISCUSSION

Vegetative propagation of plants is most commorhoebf perpetuation.
It is only short cut method that results in produttof true to type plants. Like
many other crop varieties mulberry is also growgetatively in Kashmir through
various methods. Although these methods are reselited still there is potential
for improvement which could be achieved throughledédnt means and present
study is a step in that direction. The result cfsent study entitled “Studies on
induction of rooting in some hard to root mulbeggnotypesNlorus spp.)” have

thrown open new information which is discussed radeu:
5.1  Willow water extract

Kawse (1964) has observed that willow extractt@iois Rhizocaline in
sufficient quantity having ability to stimulate towy unmatched by any

previously known rooting substances, including plasrmones.

The name rhizocaline was first suggested by Bauideand Went (1933)
for the rooting substances produced by the leavdbha presence of light. This
substance not considered a plant nutrient was thetahle, stored in cotyledons

and buds with basipetally polar transport.

According to the rhizocaline hypothesis the potansport of auxin causes
it to accumulate at the base of a cutting and ¢lsealting auxin gradient causes a
downward movement of Rhizocaline towards the bésleeocuttings. Rhizocaline
and auxin thus accumulated at the base of thenguttict together in root

formation (Kawase, 1964).

The existence of rhizocaline or rhizocaline likebstance was amply
demonstrated by Hess (1964), but the exact naturbizocaline has not been

well established.
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5.2 Sprouting percentage

Sprouting indicated general increase in all tesietias and all treatments
till it reached maximum, followed by steady declitié it recorded a constant
value. The initial increase in sprouting could e do the utilization of the stored
food material from the cuttings and decline could dttributed to their non
establishment of roots. Higher percentage of sprglgurvivability was recorded
in treatments viz., willow extract and IBA depidinecline with the reduction in
their concentration which could be attributed tduetion in the concentration of

respective growth regulators.

Goshoerami indicated highest percentage in simgp(®5 %) as compared
to Ichinose which recorded (80 %) sprouting followey SKM-33 with 75%
only. The variation in sprouting percentage couéd ditributed to the genetic
makeup of the genotypes. Increase in sprouting rupolyhouse conditions have
been observed by Met al. (2011).

5.3 Rooting percentage

The application of different growth regulators hagrofound influence
upon rooting percentage of cuttings in all testietaes. Impact of willow extract
remained highest followed by hormones which in turere superior over the
control. Significantly highest rooting viz., 95% sveecorded in Goshoerami with
T1 (100% willow extract). However in the same varieggst of the treatments

recorded rooting percentage in the order ofTE>T,>Ts>Tg respectively.

Similar trend was observed in other test varieties Ichinose and SKM -
33 where also 1 (100% willow extract) recorded significantly higheooting
percentage viz. 80 and 75 % respectively. The asmé percentage of rooting of
cuttings with growth regulator treatment might baedto mobilization of
nutritional reserves to the region of root formatithereby enhancing the activity
of hydrolysing the enzymes (Nanda and Kochher, 198%he rest of the

treatments in both the varieties travelled behindecreasing order fron,To Te.
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The differential rooting response of mulberry vaee with hormonal treatments
has also been reported by Rao and khan (1963)midanet al. (1997), these
findings are also in line with the results of Mukjee and Sikdar (1977) who

indicated the influence of hormones on rootingitfedent mulberry varieties.

Higher percentage of rooting was recorded in treats viz., willow
extract and IBA depicting decline with the reduntia their concentration. These
findings corroborate with the findings of Mukhajend Sharma (1971) who

observed increase in rooting with increase in harahaoncentrations.
54 Number of rootgsapling

The varied growth regulator concentrations in défé treatments had
significantly influenced the root number/saplingttwil; (100% willow extract)
recording value of 9.75 in Goshoerami which wapatwith T3 with a value of

9.2 but both of them were significantly higher ouest of the treatments.

Number of roots/sapling with different treatmenisoaindicated influence
in Ichinose where (100 % willow extract) with values of 9.4 was sigrantly
higher than T, Ts and T but at par with 7 and & where as in case of SKM-33
again T (100 % willow extract) recorded highest value®9af25 but this was at
par with T3 with a value of 8.725. The increased root numlittloagh a varietal

character, yet it must have got influenced by wesibormonal concentrations.

The increase in number of roots/cutting as a resuljrowth regulators
might be due to their accumulation at the baseutting to a suitable level for
initiation and development of roots (Hartmaginal., 1997). These results are in
conformity with the findings of Shanmugavelu (197%)Kanva-2, Konarlet al.
(1977) in Ichinose and Iszat al. (1993) inTermanalia arjunaThese findings are
also in conformity with the results of Shanmugaeg|ii975) Isat al. (1993) who
also reported that the cutting treated with IBA1800 pg mf showed better

rooting and maximum number of primary rootSgrminalia arjuna
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5.5 Length of longest root (cm)

Impact of willow extract remained highest followleg hormones which in
turn were superior over the control. The variouswgh regulators and their
concentrations indicated that TL00 % willow extract) had significant impact
upon root length in all the test varieties with @we of 16.973 in Goshoerami,
15.150 in Ichinose and 16.575 in respect of SKM-B8wever in respect of
Goshoerami and Ichinose; T100 and willow extract) was at par with. TThe
increase in length of roots might be due to enhéduigelrolysis of carbohydrates
which resulted due to auxin treatment (Nanda anchKer, 1985). Shanmugavelu
(1975) in Kanva-2 and Mukherjee and Sikdar (19%v)S146 also reported
increased length of roots with hormonal treatm&he influence of root length is
although a varietal feature, yet the hormonal tnesit might have resulted in
furthering the root length. These findings areiire Iwith the results of Ali and
Westwood (1966) who reported that carbohydrate esinand other mineral
reserves in cuttings coupled with low levels ofagen and total no of competing
metabolic sites on the cuttings determine the amainroot formation. The
results are also in conformity with the findingsMala and Basavaiah (1991),
Mukherjee and Sikdar (1977) who reported highest tength with hormonal

treatments.

5.6 Root biomass

Root biomass which determine the robustness of iggowlant was also
influenced by various hormonal/ growth regulaton@antrations.

The various growth regulators and their concemnatiindicated that 1T
(100 % willow extract) had significant impact up@ot biomass recording values
of 3.065 being at par with,T(2.539) and significantly different from rest of
treatments. Impact of willow extract remained hgthollowed by hormones
which in turn were superior over the control.

The increase in root weight/biomass might be duéigier uptake of

nutrients and accumulation of photosynthetase leyrtots of treated cuttings
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(Baghelet al,1993). These results are in agreement with traérfgs of Nath and
Barooah (1992) in different mulberry varieties.

5.7 Shoot biomass

The various growth regulators and their concemnatiindicated that 1T
(100 % willow extract) had significant impact upshoot biomass recording
values of 4.653 being at par with [@.008) and significantly different from rest
of treatments. Impact of willow extract remainedtwest followed by hormones

which in turn were superior over the control.

Variation in shoot biomass through different treatns is attributed to the
effect of growth regulators and their concentragiosed. The increase in biomass
above ground may be due to the maximum rootingrebdein growth regulator
treated cuttings which might have absorbed moreienis along with moisture
(Sandhuwet al, 1991). These findings are in conformity with tlesults of Honda
(1970) who also reported similar response of cg#tiof mulberry varieties treated
with NAA & IBA. Gesto et al. (1977) also found that willow extract increased
rooting which in turn is bound to show influence sioot biomass. In the instant
case 100% concentration of willow extract in respéd; (100 % willow extract)
might have influenced the shoot biomass.

5.8 Root-shoot ratio

Root shoot ratio is a symbol of plant health andegithe significant idea

about the nitrogen assimilation potential of anypcvariety (Richard, 1992).

Different treatments have exhibited positive influe in the root shoot
ratio of test varieties. Highest root shoot rafh6033) was recorded in; {IBA
1000 ppm) which was significantly different fromsteof three treatments
followed by T; (100 % willow extract) with a value 0.63100. lebse exhibited
highest root shoot ratio of 0.642. Least root shatib (0.548) was recorded in
control. Root shoot ratio is an inherent characferariety and varies from variety

to variety.
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59 Root volume

Among all the test varieties root volume was foundbe highest in
Goshoerami (1.973) which can be attributed tonkerent character which in turn
makes it higher yielder as well. Further the effetigrowth regulators coupled
with ambient condition of temperature and humiditight have had their
influence on their root volume. These findings ere@ccordance with the results
of Bhat and Hartellmeni (1992) who reported vaneot formation including root
volume in various varieties of mulberry genotypesrease in root volume under
hormonal treatments can be attributed to highetr bamnass. The increase in root
weight might be due to higher uptake of nutrientsd aaccumulation of
photosynthetase by the roots of NAA & IBA treatetings (Baghekt al, 1993).
These results are in agreement with the findingdlath and Barooah (1992) in

different mulberry varieties.
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Chapter — 6
SUMMARY AND CONCLUSION

The research regarding “Studies on induction otingoin some hard to
root mulberry genotypedMorusspp.)” with stem cuttings under Kashmir climatic
conditions has been conducted at Temperate SewmeulResearch Institute,
Mirgund during spring 2013. The purpose of the gtuehs to find out the
efficacy/performance of some growth regulatorsstifg extracted willow extract
locally available in the Kashmir Valley) for pronnag successful rooting in hard
to root mulberry cultivars for which experiment wésd under polyhouse

conditions.
The main findings of the research programme arergas under:

> Sprouting percentage of different varieties undedy indicated
highest values on 85DAP. From 62° days after planting survival

of sprouted cuttings declined becoming stable f&&f DAP.

> Impact on rooting percentage with willow extraaneened highest
followed by hormones which in turn were superioreouvhe
control. T; (100 % willow extract) recorded highest value 8f38
per cent. On the other hand (60% willow extract) and F(1000
ppm, indole butyric acid) were at par with eacheotwith rooting

value of 72.50 and 66.66 per cent respectively.

> 100 per cent willow extract and 1000 ppm IBA re@atchighest
values (9.525, 8.725) for number of roots/saplicepst number of

roots/sapling (5.967) were recorded in contr@)(T

> Longest root length (16.233) was recorded in(I00 % willow
extract) followed by 7 (14.917) least root length 9.276 was

recorded in § (control).
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> Highest root biomass (3.065) was recorded in(T00 % willow
extract) followed by 7T (2.53). Least root biomass of 1.30 was

recorded in §.

> The use of various growth regulators had a sigmificeffect on
shoot biomass/sapling with 1 T(100% willow extract) being
significantly higher over rest of the treatmentsoreling 4.653
g/sapling shoot biomass. On the other hand(50% willow
extract) and 7(1000 ppm indole butyric acid) were at par with
other with shoot biomass/sapling of 4.008 and 3.443

respectively,

> T3 (1000ppm IBA) recorded highest root shoot value8.683 per
cent followed by T (100% willow extract) recording values of
0.658.

> T1 (100 % willow extract) recorded highest value? @69 for root
volume significantly different than rest of tream® T, with
values of 2.185 was at par with {..9783).

CONCLUSION

» T1 (100% willow extract) has given promising resuttsalmost all
the parameters viz. rooting, number of roots/sgpliength of
longest root, root biomass, shoot biomass and volime in all

the varieties under study.

» Impact of willow extract on almost all rooting paraters remained
highest followed by hormones which in turn wereesigr over the

control.

» Goshoerami has proved to be the best variety ipectf almost
all rooting parameters. Ichinose and SKM-33 tooehidne potential
to be exploited in Silk Industry.
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Further investigations on the subject can throweamaformation
about the use of willow extract in rooting of muiltye This would
be, in a long run, helpful for the increased miittgtion of
mulberry in shortest possible time for the susteranf sericulture
industry and is predicted to totally revolutionizee nursery
industry especially in view of its being eco frigndnd economic.
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