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Chapter-1

INTRODUCTION

Sericulture is an agro-industry comprising cultivatof mulberry Morus
spp.), rearing of silkwormsBfpmbyx mori. L.) and reeling of silk. Sericulture
plays a vital role in the improvement of rural esoty due to its employment
generating potential, higher profitability and telaly shorter gestation period
than other crops. In tropical areas of India wheedculture is being practised
throughout the year with four to six total cropsedchectare of mulberry garden
generates remunerative employment to 12-13 peirtswogghout the year (Jolly,
1987). In the State of Jammu and Kashmir silkwoearing is being carried
commercially during spring season only, howevegrehs considerable scope for
its commercial rearing during summer and early mutualso. Currently the
domestic demand for silk, all varieties put togetigenearly 24,500 MT, of which
only around 64 per cent (15,742 MT) is producedhim country and the rest is
being imported mainly from China (Anonymous, 200920e to changing global
silk scenario and demand for quality bivoltine sakkinternational market, efforts
are already on in tropical areas of India to popzgaproduction of quality bio-
voltine silk (Datta, 2001). Jammu and Kashmir Statelso ideally suited for
promoting the production of quality bivoltine silk the country in view of its
favourable agro-climatic conditions. The state patential of producing 200 MT
of bivoltine silk, which has international marketdacan meet the quality demands
of power loom sector and the export-oriented urfitgere are about twenty five
thousand families associated with sericulture gtiguin the state contributing to
the production of 521 MT of cocoons (Anonymous, )0

Profitability of sericulture is interlinked with the productivity of
mulberry plants in an unit area over a specifiagqueof time. In sericulture, about
60 per cent cost of production is towards mulperop (Misra, 2000). About

one metric ton of mulberry leaf is required to proe 25-30 kg of cocoons from



one ounce of silkkworm seed (Rangaswamal., 1976). Sericulture has wider
scope for female labour employment in general araenparticularly, better
opportunities for family female labour (Lakshmanrgtnal., 1999). Tankiet al.
(2000) in an extensive survey on the share of tetak done by men and women
in sericulture, covering three sericulture zonesKafshmir viz; South zone
(Anantnag and Pulwama), North zone (Baramulla anpvara) and Central zone
(Srinagar and Budgam) revealed that in South zdh@16per cent of share of
work is contributed by women and only 37.09 pertd@nmen, in North zone
64.04 per cent by women and 35.96 per cent onlynby, while as in Central
zone 56.41 per cent, share is contributed by womeromparison to 43.59 per
cent by men.

Kashmir valley having an area of about 1600-200@&shand ranging in
altitude between 5200-6000 ft. above msl (Dhar Ahdan, 1989), about 5.19
lakh mulberry saplings are grown in tree form evegear along roadsides, river
bunds and farm boundaries (Anonymous, 2000a). Bedicke plantation, about
0.033 lakh hectares of land is under mulberry eation in the state (Anonymous,
1996).

In Kashmir province, the mulberry genotypes whielve, over the years,
become popular are of Japanese and Italian ofgtberry cultivars of Japanese
origin have been found good in terms of leaf yialtd quality under rainfed
conditions of Kashmir (lyenger and Sumbly, 1976an&yee and Baksh, 1997).
In addition, a number of indigenous varieties odouwvild as well as in cultivated
form throughout the valley (Munski al., 1991).

In Kashmir, mulberry is mainly propagated througiot grafts which
takes in all, four years to raise plants in thddfiBakshet al., 2000). Some
mulberry cultivars popular in Kashmir region do rmibduce saplings when
propagated through stem cuttings (lyenger and Syni§l76b; Bindrooet al.,
1988). The rate of success in root grafting in Kaistfor propagation of some
mulberry cultivars of temperate origin is 20-30%yo(Baksh and Khan, 2001).

Several studies have been conducted in tropicabmetp find out the rooting



potential of different mulberry cultivars (Jolly érDandin, 1986; Malat al.,
1992 and Sushelamn#h al., 1990). Some studies have also been conducted in
Kashmir valley to study the rooting potential afsting cultivars (Bindroat al.,
1983; Daset al., 1987; Peer, 2002 and Mungial., 2003).

Keeping in view above facts, it is felt exigenathmulberry cultivars
existing in Kashmir region be assessed for theiting potential for propagation
through stem cuttings to replace the age old imadit method of propagation
through root grafting, which is highly technicahbbrious, time consuming and
uneconomical rendering sericulture an unfruitfub.joFor the economical
management of sericulture in Kashmir, propagatibmalberry through stem
cuttings is gaining importance. As such an invedtim was carried out in this
direction at Division of Sericulture, Mirgund withe following objectives:

1. To screen out suitable temperate mulberry cultivamsthe basis of their
rooting behaviour.

2. To study the influence of different media on rogtibehaviour of some
temperate mulberry cultivars.

3. To locate the suitable portion of the shoot forcassful propagation through

stem cuttings.



Chapter-2

REVIEW OF LITERATURE

Propagation, a method of perpetuation of croptplénom one generation
to the next is perhaps the first step in dawn oicagure by a prehistoric man. It
has been reported that most fundamental considarativegetatively cultivated
crops is the root initiation and rooting abilitygHimann, and Kester, 1978). Root
is the main organ which is in contact with the goil absorbing nutrients and
water. The development of root system in spreagthdand density controls the
utilization of soil resources for plant nutrientpgly. Studies on root are
extremely important for characterizing differenal genotypes and their general
growth pattern to various edaphic and agroclimatiaditions as well as their
efficiencies in nutrient and water uptake (Bhat afittalmani, 1992). Rooting
and sprouting together have a very important rolénitial establishment of the
mulberry farm. Tropical varieties are reported &éodwmod in rooting, which is an
added advantage in sericulture (Dandin and JoB®86). Mala and Basavaiah
(1991) reported that efficiency of rooting mainiyntributes to the success of any
vegetatively propagated crop. Various works havenbeonducted to find out
rooting potential of different mulberry genotypesttb in tropical and temperate
regions of India (Shanmugavelu, 1975, Mukherjee &hdrma, 1971, Mukherjee
and Sikdar 1974 and 1977, Madaal., 1992, Susheelanst al., 1990 and 1992
and Sujathama and Dandin, 1998). Baleshal., (2000) while assessing the
performance of ten mulberry genotypes under tenierimatic conditions of
Kashmir, reported least rooting ability (5.56%)3nshoerami.

Fotedaret al., (1990) while assessing the rooting ability of &sie- white
and five other Japanese mulberry genotypes undithpae cover, obtained
satisfactory results in case of Chinese-white. Bimiesults were obtained by
Bakshet al. (2000) in case of Chinese-white which recorded 76%) rooting.



Chinese white though a good rooter was found stibbepto fungal diseases
compared to Japanese genotypes which are modetaketgnt to such diseases
(Munshiet al., 1991 and Bakshkt al., 1995a). Satpathsgt al., (1995) observed
significant variation in survival of 90 and 240 dagid cuttings of Sand Ss3s
mulberry varieties. Goe¢t al., (1998) observed wide range of variability in
rooting parameters in 150 mulberry varieties (I2figenous and 30 exotic) and
accordingly grouped them as poor (< 50% survivadium (50-70% survival)
and good (>70% survival) rooters. Sujathama anddDefi998) in their study on
various propagation parameters observed significhifiérences in respect of
rooting among the cuttings of 23 elite mulberry gfgpes under Rayalseema
region of Andhara Pradesh. Tikadaral., (1997) recorded rooting percentage of
24.00-80.00 % in ringed cuttings compared to urathguttings (4.00-32.00%) in
Japanese mulberry variety, Kosé&mofus latifolia Poir). Masilamangt al., (2000)
observed wide range of variability for various gtbwarameters in mulberry
(Morus alba L.) var. Indica when propagated through cuttifggot induction can
be achieved successfully by using requisite quardit root hormones. The
efficiency of the chemical used varies from spetiespecies and from variety to
variety. The chemicals generally used are Indofgia@cid, Indole-butyric acid,
Naphthalene acetic acid, Gibberallic acid and SetBdfor different durations
and at different concentrations.

Mukherjee and Sharma (1971) while studying theatfbf some growth
regulators on the rooting of a Japanese varietyeKosbserved optimum rooting
and growth under the influence of IAA at 500 mg'misaet al., (1993) in an
experimental trial on rooting responseTa minalia arjuna Bedd. cuttings using
different concentrations of three auxins viz; IAMA and NAA recorded
maximum rooting response at 1000 ppm concentrathoall the three auxins.
Bakshet al., (1998) while studying rooting ability of hardwogtem cuttings of
three exotic mulberry genotypes observed cent eet woting in ACC-68, 95%
in ACC-69 and 83% in ACC-65. Tikadetral., (1996) while studying the rooting

behaviour of mulberry cuttings at ploidy level, aipied rooting percentage of



71.81 in diploids, 66.07 in triploids and 59.17t@traploids. In a mulberry trial
conducted on the use of IBA, NAA and 2,4-D to pobdenrooting of shoot
cuttings of mulberryNlorus alba) var. S-36, it was reported by Chandersheker
al., (1997) that best treatments were 25 ppm and 50 Ig#mwith 66.3 and 61
per cent survival, respectively compared to une@auttings with 23.3 per cent .

Sharmaet al., (1994) observed better rooting in cuttings cobecin
spring than those collected in autumn, also ringattings treated with IAA
rooted better than untreated. Balestal., (1998) while studying rooting ability of
three exotic genotypes ACC-6B1¢rus multicaulis), ACC-68 (English black) and
ACC-69 (Okinowa) recorded survival of 83, 100 ard g&r cent, respectively.
Root formation was effectively induced in difficati-root mulberry varieties by
the use of auxins ( Biswas and Sengupta, 1993).

In different experimental trials on the inductioh rooting in Japanese
varieties, Kosen and Goshoerami, by the use of tjraegulators, “Poebder”,
was found more effective in improving rooting (Rand Khan, 1963). Honda
(1970) while making comprehensive studies on prapag of mulberry through
stem cuttings revealed that NAA and IBA have maximinfluence on root
induction, followed by IAA.

Mukherjee and Sharma (1971) reported best roatingapanese variety
Kosen by using different growth regulators. Mullgervariety Rokokoyaso
recorded 75% survival when propagated through stettings using seradix-B
(Anonymous, 1976).

Studies on propagation of mulberry through stettirggs under temperate
climatic conditions using different growth regulegwiz; Gibberalic acid, Indole
butyric acid and Naphthalene acetic acid, reve#tatl Gibberalic acid recorded
highest rooting percentage in the cuttings of Geslimi and Rokokoyaso
mulberry varieties (Anonymous, 1978).

Kamili and Shah (1996) in their study revealed gaccess in rooting of
mulberry cuttings under influence of growth regatatvaries from species to
species and from variety to variety. They furtreported that IAA proved better



in inducing rooting in Goshoerami variety of mullyewhich is the most popular
variety of Kashmir. Different experimental trials ohe induction of rooting in
hardwood cuttings of some temperate mulberry cadgivby the use of growth
regulators, revealed that 1Q@ mf* IBA considerably improved rooting in
Rokokuyaso, KNG, Ichinose, Goshoerami and Kokuso-Pife study further
revealed that IAA at 5Qg mi* proved effective in Chinese white and NAA was
found least effective (Fotedar, 1989 and Fotetlal.,, 1990),

While studying the propagation of mulberry undeb-$ropical conditions
Bindroo et al., (1996) stated that the varietal specificity inntsrof regenerative
capacity, growth and root induction potential playsital role in the propagation
of mulberry through stem cuttings.

2.1  Suitable portion of shoot for successful rooting

There is a definite relationship between the mgtwi the tissue of a
cutting and readiness with which it forms the rodthe nutrition factor of the
stock plant exerts a strong influence on the dgaretnt of roots and shoots from
cuttings. In order to locate the suitable portidslwoot to be used for propagation
through cuttings Kasivishwanathan and lyenger (1987 their experiment
observed gradual reduction in the mean weight dfirgs from basal end to
apical end. They further observed that cuttingsioled from the basal portion of
shoot were superior to the cuttings obtained froentop portion of the shoot.

Honda (1972) observed positive correlation betwesight of cuttings
and weight of newly developed roots. He furtheresbed that there is gradual
decrease of rooting ability from basal part to tipper part of a branch. Basu and
Gosh (1974) while studying the effect of nitrogartrition of the stock plant of
Justicia gendarursa L. on rooting observed that cuttings with low ngem levels
produced more number of roots, however, rootingrawed considerably when
cuttings were treated with Naphthalene acetic atadvandeaet al., (1980) in a
study aimed to find out the number of active buetsuired for successful rooting

of almond Prunus amygdalus Batsh) cuttings, revealed that cuttings obtained



from basal portion of shoot with 3-4 active budseghigher rooting than cuttings
obtained from middle portion of shoot.

Both root and shoot characters of the rooted matidiffer according to
the parts of the shoot from which cuttings are m&idtings obtained from basal
portion of the shoot exhibited better root and slobaracters.

Nanda and Kochar (1985) attributed the rooting mpidé of young
cuttings to the high nutritional levels and higmtmt of rooting co-factors and
growth promoters in them. Besides edapho-climatnddions, success in
vegetative propagation of plants through stem mgéti type of wood play an
important role in rooting and subsequent survivialhe cuttings (Hartmann and
Kester, 1986). Mala and Basavaiah (1991) in an dtigation on the rooting
behaviour of cuttings revealed that high carbohireontent of the cuttings
improved rooting and with the increase in carboht@icontent rooting capacity
also increases. Rodriguez and Gonzalez (1995)congrehensive study on the
rooting behaviour of different portions of shookda from mulberry cultivar
cristiana, observed considerable variation in rapt@nd subsequent survival of
cuttings. Percentage survival was highest in migdigion with 92.5 followed by
distal with 83% and basal with 79 per cent. Theyhier reported that percentage
survival after transplantation was relatively highrooted basal cuttings with 76.3
and low in rooted middle and distal cuttings wit.2 and 12.0 per cent,
respectively. Very low nitrogen levels of the cogf$ lead to reduced vigor,
whereas high levels of nitrogen leads to excesgiger, either extreme is not
good for rooting (Arteca, 1997).

Munshiet al., (2003) while studying the rooting behaviour offidilt to
root mulberry cultivars of Kashmir succeeded inuicidg rooting in difficult to
root Goshoerami cultivar by 59 per cent.

Aleksandrove (1988) in an investigation on the irgptprocess in ripe
mulberry cuttingslorus spp.) cv. kinriu taken from basal, middle and tdmne
year old overwintered shoots recorded variatiorthigir rooting ability, when
cuttings were treated with 0 or 150 ppm. IBA rabé 36C.



2.2  Effect of media on rooting of cuttings

The success in stem multiplication of differentpg@lepends upon factors
such as condition of mother plant, parts of the frem where the cuttings are
made, time of operation, rainfall, range of temp@e care while planting and
after care. Besides these factors, rooting media play an important role in
successful rooting of cuttings.

Honda (1970) succeeded in inducing rooting in seofiwood and
hardwood cuttings of mulberry by hormonal treatmeiotlowed by maintaining
optimum temperature and moisture level in soil. &gdwa and Naot (1983)
obtained 80-100% sprouting and root initiation ardwood cuttings of Ichinose
variety planted in volcanic ash soils and more tl88% in red-yellow soils.
Bindrooet al., (1983) in their study on propagation of mulberrndentemperate
climatic conditions using cuttings of Goshoeramriety after fifteen hormonal
treatments and growing them in beds previously amegph by using soil, sand and
farm yard manure in the ratio of 5:2:1 revealedificant differences in rooting
amongst the different treatments. Baghel and Satagl®88) in an investigation
conducted with the objective to evaluate the pemtorce of different rooting
media on rooting and growth of hardwood and semihwaod cuttings of
pomegranateRunica granatum L.) used eight types of rooting media i.e. soll
(alone), soil + FYM, soil + sand, soil + saw dussiil + FYM + sand, soil + FYM
+ saw dust, soil + FYM + sand + saw dust and risér The investigation
revealed that river silt was the best media forimarn rooting than other media,
while soil + FYM proved superior for most of theost and root characters.

Mala and Basavaiah (1991) while studying the eftdéainedia on rooting
of hardwood cuttings of mulberry variety S-36 repdrthat FYM + sand + soil in
the ratio of 1:1:1 gave survival of 73 per centloiwed by FYM : sand + soil in
the ratio of 1:2:1 with 70 per cent and FYM : sarsil in the ratio of 1:6:1 with

69 per cent survival.



Rooting media must provide sufficient moisture, gey and source of
nutrients until a root system is established. Tdwing media makes an effect on
the percentage of cuttings rooted and on the typeads formed.

The most effective medium to propagate S&ergea bombycina king ex.
Hook. f. Kosterm) food plant of muga silkworm undietermittent mist condition
was reported to be soil + sand + FYM in the rafid:1:1. (Yadav and Goswami
1993). Raja Ram and Samson (1995) while studyiegeffect of age of mother
plant on rooting behaviour found that rooting petage decreased with the age
of cuttings, when planted in nursery beds prepésedhixing sand + soil in the
ratio 1:2. Highest rooting of 71.85 per cent waorded in cuttings from two year
plants and lowest of 1.48 per cent from twenty yedmplants.

Jhonet al., (2000) in an investigation on the effect of two ting media
sand and sand + soil on the rhizogenesis of semiwwmad cuttings ofRosa
hybrida cv “Forever” recorded rooting percentage of 72rb3and and 66.29 in
sand + soil. It was further revealed that survppatcentage was higher i.e. 72.36
from cuttings raised in sand media over sand + Kbidn and Sidhu (2002) using
different hormones in their study on rooting penfance of stem cuttings of
shisham Dalbergia sisso Roxb.) planted in polythene bags containing saihds
and FYM (1:1:1) observed significant variation inoting due to different
treatments. In an investigation carried out by Ghbérti and Mukerjee (1980) it
was observed that ringed cuttings gave higher eakwate than un-ringed

cuttings.
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Chapter-3

MATERIALS AND METHODS

The present investigation on screening of some siom temperate
mulberry (Morus spp.) cultivars on the basis of their rooting bebaw using
different media and growing conditions, was caroed at the experimental farm
of Division of Sericulture, Mirgund during 2002. &mulberry cultivars used for

investigation were:

a) Limoncina . alba Linn.)
b) Kokuso-20 . alba Linn.)
c) Kairyoroso /1. multicaulis)
d) Francee M. bombycis Koidz)
e) KIN.G M. alba Linn.)

f) Chinese-white N1. alba Linn.)

3.1  Geographical features

The Division of Sericulture Mirgund is located a°37 N latitude and
74 17 longitude, at an elevation of 1585 meter above amsl is situated at a
distance of 18 km from Srinagar. The Division isesu over 20 hectares, where
field based research work is being carried outtedlao all the sericulture
activities.
3.2 Climate

The climate is temperate cum-Mediterranean and afticental type
characterized with marked seasonality. Winter i@ee extending from middle of
December to mid March, when whole of valley remainsered with snow and
temperature often goes below freezing point.

The meteorological data during the year of expeniiaitgon are given in

Appendix-V.
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3.3  Experiment-|
Influence of variety, position of cutting and growng conditions on
rooting behaviour.

3.3.1 Experimental details

i) Design ; C.R.D (Factorial)
i) Replication : 03

iif) No. of cuttings/replications ; 10

iv) Treatments ; 03

a) Varieties : 06

i)  Limoncina (M)
i)  Kokuso-20 (\)
iii) Kairyoroso (\s)

iv) Francee ()

v) K.N.G (V)
vi) Chinese-white-check {\as check)
b) Growing conditions : 02

i) Natural (GG)
i) Polyhouse (Gg
c) Position of cuttings ; 03
i) Basal (1) > 1.5 —2.0 cm diameter
i) Middle (L;) 1 — 1.5 cm diameter
iif) Apical (Ls) <1 cm diameter
d) Treatment combinations : 36
3.3.2 Collection and preparation of cuttings
One year old vigorously growing shoots bearing thgahtact buds were
pruned before bud sprouting from six test mulbesmyieties maintained in the
germplasm bank of the Division. Cuttings of 15 camdth with at least three
viable buds were prepared from each of the basakllenand apical portions of

shoots. The cuttings were prepared by giving starnton both sides without
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damaging the bark and splitting the wood. The weg#tiprepared were wrapped in
moist jute bags to avoid dessication and used ragegairement.
3.3.3 Site and rooting media

The experiment was conducted both under natural palyhouse
conditions at the experimental farm of the DivisidWashed coarse sand, free
from gravel and soil particles was filled in polgsagperforated at the bottom.
3.3.4 Planting and cultural operations

The cuttings prepared were planted in polybagssihghatly slanting position

containing the rooting media at a distance of 2rbeach from cutting to cutting
and row to row, keeping at least one active budsag. Rooting media was kept
moist by spraying water. One set of cuttings inypabs was kept under natural
conditions and another set in polyhouse. The a@stimvere maintained by
watering as and when required. In polyhouse favdarhumidity was maintained
by sprinkling water with the help of a spray pumpthe form of mist. This was
done to avoid drying of cuttings. When cuttingsteah the polyethylene cover
was gradually lifted to about one week time to dveudden exposure of the
cuttings to drying.
3.4 Experiment-II

Influence of variety, media and growing conditionson rooting

behaviour

3.4.1 Experimental details

i) Design : C.R.D (Factorial)
i) Replications : 03

iii) No. of cuttings/replications ; 10

iv) Treatments : 03

a) Varieties ; 06

i) Limoncina (\)
ii) Kokuso-20 (\)
iii) Kairyoroso (\4)

iv) Francee (Y)

13



V) K.IN.G (\s)
vi) Chinese white (Yas check)
b) Growing conditions ; 02

i) Natural (GG)
ii) Polyhouse (G

c) Rooting media 03
i) Sand : (M)
i) Soil : (M)
iif) Sand + soil : (™
d) Treatment combinations : 36

3.4.2 Collection and preparation of cuttings
The procedure adopted for collection and preparaifccuttings was same
as discussed in 3.3.2 except that cuttings frony bakal portion of vigorously
growing shoots were taken and planted in polybags.
3.4.3 Site and rooting media
The site of the experiment was same as alreadyusied at 3.3.3 .
Cuttings of 15 cm length were planted in polybagstaining three types of
rooting media- one set containing sand, secondasailthird sand + soil in equal
proportion.
3.4.4 Planting and culture operations
The planting of cuttings and cultural operationsenvearried out in same way
as discussed at 3.3.4.
3.5 Bio-metric observations recorded
The following bio-metric observations were recordeter three months of
planting the cuttings as suggested by Dandin ali (1®86).
3.5.1 Rooting percentage
Ninety days after planting, the rooted cuttingseveprooted gently from
the polybags and washed in clean water without dargathe root system. The
data on the rooting percentage was calculated erb#tsis of total number of

cuttings planted in each treatment and the numbidsecsurvivals.
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3.5.2 Average number of primary roots

The number of roots arising from the base of tlmdes in both
experiments were recorded and then average cadulat
3.5.3 Average length of primary root

The average length of the roots of cuttings wasswea from base to the
tip and average length of primary root (cm) caltada The procedure was
adopted in both experiments.
3.5.4 Height of sapling

The height of sapling in both experiments was mesktrom the point of
root formation to the tip of sapling and averagighie(cm) calculated.
3.5.5 Number of leaves

Average number of leaves of the sapling was recbiwe counting the
leaves arising from each node and average caldulate
3.5.6 Weight of leaves

Average weight of leaves was recorded by gentlypatig the leaves from
the shoot along with petiole without peeling therkband weighed on the
electronic balance for calculating the average htg(g).
3.5.7 Inter-nodal distance

The inter-nodal distance in both the experiments waeasured and
average length (cm) worked out.
3.5.8 Upper ground bio-mass

Saplings were cut at the point of root formatiord ameighed on the
electronic balance and average weight (g) caladlate
3.5.9 Underground bio-mass

The underground bio-mass (root weight) was aeroy cutting the root
portion from the sapling and weighing it on thecéienic balance and average
bio-mass (g) calculated.
3.6  Statistical analysis

Data obtained on all the parameters was statistiGralysed as per
procedure described by Cochron and Cox (1957) amdd’and Sukhatme (1985).
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The data generated on number and length of primamys, height of sapling,

number of leaves, weight of leaves, inter-nodalatise, bio-mass under-ground
and bio-mass upper-ground was subjected to sqoate/WS transformation

and percentage data to angular transformation falyasis of variance. The

treatment comparisons were made at 5 per cent dé\sgnificance. The analysis
of data was done using INDOSTAT Software Packaggierhbad based on
Snedecor and Cochron (1967).
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Chapter-4

EXPERIMENTAL FINDINGS

The chapter deals with findings of the study sufgmbby data, tables and
graphics. The appendices of various characterdidyeappended.
EXPERIMENT- |
4.1 Influence of variety, position of cutting and growng conditions on

rooting behaviour (Fig 1 — 9)

4.1.1 Percentage of rooting

The data (table 1) showed marked variations orrdb&ng percentage of
mulberry cultivars due to various treatment effects

Chinese-white serving as check, recorded signifigahighest rooting
percentage of 51.66 over other tested cultivarsodgst the other tested varieties
Francee recorded maximum rooting percentage of348MBich was closely
followed by Limoncina with 46.66 and Kokuso-20 witB.68, being significantly
at par amongst themselves with regard to rootimggrdage.

It is also evident from the data that polyhousengng conditions recorded
significantly higher rooting percentage of i.e. ¥b.of cuttings over natural
conditions i.e. 30.36. (Plate No. 2 and 3).

As regards the effect of shoot position, it is fduthat mean rooting
percentage for the basal cutting was significahilyher i.e. 57.77 over both
middle cuttings with 44.16 and apical cuttings with77. (Plate No. 4).
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Table 1: Effect of growing condition and shoot posion on rooting (%) of different mulberry genotypes

IR Natural condition (GC-1)._ _.__.. _._._._._. Polyhause condition (GC-I) ._._._ _.
Basal Middle Apical Basal Middle Apical Varietal
cuttings cuttings cutting cuttings cuttings cutting mean
Varieties (BC) (MC) (AC) (BC) (MQ) (AC)
Limoncina 50.00 36.66 10.00 93.33 73.33 16.66 46.66
(45.00) (37.14) (18.43) (72.98) (59.21) (23.85) (42.77§"
Kokuso-20 53.33 43.33 16.66 73.33 56.66 20.00 43.88
(47.21) (41.15) (23.36) (60.00) (48.84) (26.07) (41.10¥
Kairyoroso 30.00 20.00 10.00 66.66 33.33 16.66 29.44
(33.00) (26.07) (18.43) (55.07) (35.21) (23.85) (31.94%
Francee 60.00 43.33 13.33 80.00 73.33 20.00 48.33
(50.85) (41.15) (21.14) (63.93) (59.21) (26.07) (43.723"
K.N.G 20.00 10.00 0.00 33.33 13.33 0.00 18.77
(26.07) (18.43) (4.05) (35.21) (21.14) (4.05) (19.25¢
*Chinese-white 70.00 56.66 10.00 83.33 70.00 20.00 51.66
(57.78) (48.84) (18.43) (66.04) (57.70) (26.07) (45.99%
Mean for Basal cutting (BC) = 57.77 Mean Ktiddle cutting (MC) = 44.16 Mean for Apical cutg (AC) = 12.77
(49.99 (41.17) (1925
Mean for GC-I = 30.36 Mean for GC — 146.10
(31.75) (42.09)
C.D (p=0.05) SEmzt C.D (p=0.05)SEmz
Variety (V) = 4.75 2.37 VxGC = 6.73 3.38
Growing conditions (GC) = 2.74 1.34 VXL = 28. 4.14
Shoot position (L) = 3.36 1.64 GCxL = 476  2.39
VxGCxL = N.S

*Check
Note: Values in parentheses are angular transfmaalues: means followed by similar letter(s) stagistically identical
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Plate No.1: View of rooted sapling raised in polyhase




Plate No. 3: Mulberry cuttings grown under polyhoug conditions




Middle cuttings

Plate No. 4: Influence of position of shoot on suival and biomass




Table 1.1: Interaction effect for rooting (%) between variety x
position of shoot

Treatment Basal Middle Apical
Limoncina 73.48 55.53 13.00
(59.00) (48.18) (21.14)
Kokuso-20 64.80 50.00 17.54
(53.61) (45.00) (24.76)
Kairyoroso 48.32 25.98 13.00
(44.04) (30.64) (21.14)
Francee 70.98 59.00 16.04
(57.40) (50.19) (23.61)
K.N.G 16.04 11.48 0.00
(23.61) (19.80) (4.06)
Chinese-white 78.27 64.13 14.64
________________________________ (6221) ____(5321) ___ 2(250) __
SE m+ 414
CD (p=0.05) 8.24

Data presented in the table 1.1 shoaewnificant interaction effect for
rooting percentage between variety x position obosh Significantly highest
rooting of 78.27 per cent was recorded with irtéoa Chinese-white x basal
cutting being statistically at par with interactibimoncina x basal cutting with

73.48 per cent and Francee x basal cutting wit8/per cent.

Table 1.2: Interaction effect for rooting (%) betwesn variety and
growing condition

Treatment Natural condition Polyhouse condition
Limoncina 30.50 62.13
(33.52) (52.02)
Kokuso-20 36.30 49.97
(37.23) (44.98)
Kairyoroso 18.99 37.98
(25.83) (38.04)
Francee 37.41 58.21
(37.71) (49.73)
K.N.G 6.30 8.64
(14.54) (17.10)
Chinese-white 44.23 59.20
______________________________________ (4169 . (5030)
SE m+t 33
CD (p=0.05) 6.73
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The data (table 1.2) revealed significanteraction effect for rooting
percentage between variety x growing conditiongniicantly highest rooting,
i.e. 62.13 per cent was recorded with interactiondncina x Polyhouse followed
by Chinese-white x Polyhouse with 59.20 per cedt Rrancee x Polyhouse with
58.21 per cent. Significantly lowest rooting in &.Ber cent was recorded with

interaction KNG x Natural condition.

Table 1.3: Interaction effect for rooting (%) between position of
shoot x growing condition

Treatment Natural condition Polyhouse condition
Basal 45.65 71.04
(42.50) (57.44)
Middle 33.68 53.30
(35.47) (46.89)
Apical 8.86 13.72
______________________________________ 78y L7e
SE m+ 2.39
CD (p=0.05) 4.76

Significant interaction effect was obvasl for rooting percentage between
position of shoot x growing condition. Significanthighest rooting of 71.04 per
cent was recorded with interaction basal cuttimpbk/house. Significantly lowest
rooting was recorded with interaction apical cgttinnatural conditions with 8.86
per cent.

4.1.2 Number of primary roots

From the perusal of the data (table 2) it is ewidéhat Chinese-white,
serving as check produced higher number of roets6.93 over other varieties.
However, amongst other tested varieties Franceeepdrdo be significantly
superior in the production of maximum number ofv@ary roots i.e.6.73 closely
followed by Limoncina with 6.04, Kokuso-20 with 8.8and Kairyoroso with
5.69.

The data also revealed that cuttings grown undeyhpuse showed
significant increase in the number of primary rob&ng 7.14 compared to the

cuttings grown under natural conditions with 4.64.
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Table 2: Effect of growing condition and shoot posion on number of primary roots of different mulberry genotypes

w..._..._.Natural condition (GC-1) _.__._. __._._._ Polyhouse condition (GCH)_ _ _ _ _.
Basal Middle Apical Basal Middle Apical Varietal
cuttings cuttings cutting cuttings cuttings cutting mean
Varieties (BC) (MQC) (AC) (BC) (MQC) (AC)
Limoncina 7.33 4.77 2.92 10.44 6.82 4.02 6.04
(2.70) (2.30) (1.84) (3.29) (2.70) (2.12) (2.56%
Kokuso-20 6.55 4.16 3.11 10.35 7.26 3.84 5.88
(2.65) (2.16) (2.90) (3.29) (2.79) (2.08) (2.52%
Kairyoroso 5.88 4.35 3.25 9.55 7.05 4.10 5.69
(2.52) (2.22) (1.91) (3.16) (2.74) (2.13) (2.49%
Francee 6.33 5.45 4.38 9.35 8.72 6.15 6.73
(2.61) (2.43) (2.42) (3.12) (3.03) (2.57) (2.70%f
K.N.G 4.33 3.10 0.00 8.23 7.97 0.00 4.05
(2.18) (2.05) (0.712) (2.96) (2.92) (0.72) (2.13f
*Chinese-white 7.55 5.10 4.35 10.55 7.75 6.28 6.93
(2.83) (2.37) (2.20) (3.32) (2.88) (2.60) (2.72}f
Mean for Basal cutting (BC) = 8.03 Mean foidile cutting (MC) =6.10  Mean for Apical dag (AC) = 3.53
(2.92% (2.57) (2.0%)
Mean for GC-I = 4.64 Mean for GC — IVA44
(2.28) (2.76)
C.D (p=0.05) SEmz C.D (p=0.05) SEmz
Variety (V) = 0.25 0.11 V xGC = N.S
Growing conditions (GC) = 1.15 0.06 X = 0.43 0.20
Shoot position (L) = 0.18 0.08 GCxL = N.S
VxGCxL = N.S

*Check

Note: Values in parentheses @e0.5 (sq root) transformation values: means foldvby similar letter(s) are statistically

identical
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The data also indicated that basal cuttings pradlségnificantly higher number
of primary roots i.e.8.03 over both middle with@adnd apical cuttings with 3.53.

Table 2.1: Interaction effect for average number oprimary roots
between variety x shoot position

Treatment Basal Middle Apical
Limoncina 8.80 7.06 3.82
(3.05) (2.75) (2.08)
Kokuso-20 8.50 4.74 3.34
(3.00) (2.29) (1.96)
Kairyoroso 7.56 5.60 3.62
(2.84) (2.47) (2.03)
Francee 7.91 6.95 5.70
(2.90) (2.73) (2.49)
K.N.G 6.10 4.03 0.00
(2.57) (2.13) (0.71)
Chinese-white 8.98 6.10 4.38
_________________________________ (308) ____ (257) (221
SE m+ 0.20
CD (p=0.05) 0.43

The data in (table 2.1) indicates a significantiiattion effect between
variety x shoot position for average number of niynroots. The highest values
of 8.98 was recorded with interaction between Céenehite and basal cutting
being statistically at par with the treatment camaltion Limoncina x basal cutting
with 8.80.

4.1.3 Length of the primary root

The data on the length of primary root as influehdey different
treatments revealed significant variation (table Rancee recorded maximum
length of primary root i.e. 20.20 cm. being sigrafntly at par with Chinese-
white. Limoncina and Kokuso-20 having 20.15, 2008 19.95 cm, respectively.
KNG recorded minimum of 13.15 cm root length.

As regards the effect of growing conditions, tlitings under ployhouse
recorded higher length of primary root with 20.26 @ompared to natural

conditions with 16.48 cm. The data further, showed basal cuttings produced
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Table 3: Effect of growing condition and shoot posion on length of primary roots (cm) of different mulberry genotypes

1504

—._..._.Natural condition (GC-1) _._.__.. _._.__._ Polyhouse condition (GC-I). _._ _._.
Basal Middle Apical Basal Middle Apical Varietal
cuttings cuttings cutting cuttings cuttings cutting mean
Varieties (BC) (MC) (AC) (BC) (MC) (AC)
L|m0nc|na 19.34 18.10 16.35 24.77 22.17 19.57 20.05
(4.45) (4.32) (4.10) (5.02) (4.76) (4.47) (4.53)
Kokuso-20 19.15 18.35 16.10 25.37 22.18 18.55 19.95
(4.43) (4.34) (4.07) (5.08) (4.76) (4.36) (4.52¢
Kairyoroso 17.10 15.65 13.10 21.15 18.30 16.45 16.95
(4.19) (4.01) (3.68) (4.65) (4.33) (4.12) (4.17¥
Francee 20.15 19.25 14.53 25.35 23.30 17.30 20.20
(4.53) (4.44) (3.87) (5.08) (4.87) (4.82) (4.547%
K.N.G 18.52 16.65 0.00 23.10 20.65 0.00 13.15
(4.36) (4.14) (0.712) (4.85) (4.59) (0.72) (3.69f
*Chinese-white 20.92 18.35 15.20 25.97 23.30 17.20 20.15
(4.62) (4.34) ((3.94) (5.14) (4.87) (4.20) (4.54%
Mean for Basal cutting (BC) = 21.74 Mean ftiddle cutting (MC) = 19.68  Mean for Apicaltting (AC) = 13.68
.78 (4.48) (3.76)
Mean for GC-1 = 16.48 Mean for GC — 128.26
(4.12) (4.58)
C.D (p=0.05) SEmz C.D (p=0.05) E®t
Variety (V) = 0.09 0.04 V xGC = N.S
Growing conditions (GC) = 0.06 0.03 X = 0.16 0.07
Shoot position (L) = 0.07 0.03 GCxL = N.S
*Check: VxGCxL = N.S

Note: Values in parentheses @xe0.5 (sq root)transformation values: means follduwg similar letter(s) are statistically
Identical
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significantly higher primary root length i.e.21.@fh compared to middle cuttings
with 19.68 cm and apical cuttings with 13.68 cm.

Table 3.1: Interaction effect for average length ofprimary root
(cm) between variety and shoot position

Treatment Basal cutting  Middle cutting  Apical cutting
Limoncina 21.96 20.11 18.00
(4.74) (4.24) (4.30)
Kokuso-20 22.15 20.20 17.22
(4.76) (4.56) (4.22)
Kairyoroso 19.03 16.88 16.22
(4.42) (4.17) (4.09)
Francee 22.63 21.21 15.90
(4.81) (4.66) (4.05)
K.N.G 20.75 18.59 0.00
(4.61) (4.37) (0.72)
Chinese-white 23.31 20.75 16.14
__________________________________ (488) . _____(46)_______ (408 ___
SE mz 0D
CD (p=0.05) 6.1

The data presented in table reveals significamraation effect between
variety x shoot position for average length of @ignroot. It can be observed that
significantly highest average length of primarytrae. 23.31 cm was obtained
with the treatment combination Chinese-white x Basatting which was
statistically at par with the treatment combinatlerancee x Basal cutting with
22.63 cm.

4.1.4 Height of sapling

Data (table 4) revealed significant variationsha height of sapling due to
various treatment effects.

Significant variations in respect of height of lgagp were recorded in
different varieties. Chinese-white, obtained sigaifntly maximum sapling height
of 40.80 cm over other varieties. Amongst the otleteties Francee recorded the

highest sapling height of 23.05 cm being digantly at par with Limoncina
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Table 4 :Effect of growing condition and shoot posion on height of sapling (cm) of different mulberly genotypes

-o.._...Natural condition (GC-1) _.__.__. _._.__} Polyhouse condition (GCH).._.__._.
Basal Middle Apical Basal Middle Apical Varietal
cuttings cuttings cutting cuttings cuttings cutting mean
Varieties (BC) (MC) (AC) (BC) (MC) (AC)
Limoncina 23.44 19.10 13.62 28.92 25.54 16.87 21.24
(4.90) (4.32) (3.75) (5.42) (5.10) (4.17) (4.66f°
Kokuso-20 18.36 16.65 11.32 23.31 21.75 12.88 17.37
(4.34) (4.14) (3.43) (4.88) (4.71) (3.65) (4.22f¢
Kairyoroso 15.57 13.45 11.50 18.04 14.34 11.58 14.08
(4.00) (3.73) (3.46) (4.30) (3.85) (3.47) (3.81f
Francee 24.59 23.86 14.68 33.13 25.44 17.37 23.05
(5.00) (4.93) (3.39) (5.79) (5.06) (4.42) (4.85)
K.N.G 13.57 9.98 0.00 17.87 17.55 0.00 9.82
(3.75) (3.23) (0.71) (4.27) (4.24) (0.71) (3.21%
*Chinese-white 42.32 39.47 22.07 54.93 52.63 33.39 40.80
(6.54) (6.32) (4.76) (7.45) (7.29) (5.82) (6.42F
Mean for Basal cutting (BC) = 26.17 Mean ftiddle cutting (MC) =23.31  Mean for Apicaltting (AC)= 13.78
(5.16) (4.49) (377
Mean for GC-1 = 19.65 Mean for GC — 123.64
(4.48) (4.98)
C.D (p=0.05) SEmz C.D (p=0.05) BE
Variety (V) = 0.45 0.21 V x GC = N.S
Growing conditions (GC) = 2.26 0.12 X = 0.78 0.36
Shoot position (L) = 0.31 0.14 GCxL = N.S
*Check VXGCxL = N.S

Note: Values in parentheses @ée0.5 (sg.root) transformation values: means folldvby similar letter(s) are statistically
identical



having 21.24 cm but significantly superior to otkarieties. The lowest height of
sapling was observed in KNG with 9.82 cm.

Perusal of the data further revealed that the grgwconditions
significantly influenced the sapling height. Thettgs planted in polyhouse
significantly increased the mean height of saptm@3.64 cm in comparison to
19.65 cm under natural conditions.

As regards the effect of shoot position, it wasnithat maximum height
of sapling i.e. 26.17 cm was recorded in basaltjprsias compared to middle

position with 23.31 cm and apical with 13.78 cm.

Table 4.1:Interaction effect for height of sapling(cm) between
variety and shoot position

Treatment Basal cutting  Middle cutting  Apical cutting
Limoncina 26.12 21.59 15.02
(5.16) (4.70) (3.94)
Kokuso-20 20.38 19.03 12.03
(4.57) (4.42) (3.54)
Kairyoroso 16.72 13.63 11.54
(4.15) (3.76) (3.47)
Francee 28.66 25.51 15.74
(5.40) (5.10) (4.03)
K.N.G 21.30 15.50 0.00
(4.67) (4.00) (0.72)
Chinese-white 48.36 45.74 27.06
__________________________________ 699 _____(680) (525 __
SE m+ 0.36
CD (p=0.05) 78.

It was observed that the interaction effect foighe of sapling was
significant between variety x shoot position. Sigaintly maximum height of
sapling i.e. 48.36 cm was recorded with the treatrmembination Chinese-white
x Basal cutting, however it was significantly atr péith treatment combination
Chinese-white x Middle cutting with 45.74 cm.

4.1.5 Number of leaves
The data on number of leaves as influenced by grgwbnditions and

shoot position in the test cultivars is presentetible 5
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Table 5: Effect of growing condition and shoot psition on number of leaves of different mulberry gaotypes

-.—._.._.Natural condition (GC-1) _._._._.. _._._._._ Polyhouse condition (GCH)_._._ _._.
Basal Middle Apical Basal Middle Apical Varietal
cuttings cuttings cutting cuttings cuttings cutting mean

Varieties (BC) (MC) (AC) (BC) (MC) (AC)
Limoncina 14.83 13.81 12.22 20.48 20.26 13.88 15.91

(3.91) (3.69) (3.55) (4.58) (4.51) (3.79) (4.00%
Kokuso-20 11.82 9.10 8.99 15.23 15.33 11.55 12.00

(3.50) (3.09) (3.08) (3.95) (3.97) (3.46) (3.51)¢
Kairyoroso 10.67 9.84 9.00 12.94 11.03 9.84 10.55

(3.31) (3.20) (3.07) (3.66) (3.36) (3.20) (3.30f
Francee 11.63 11.26 10.48 17.06 16.47 15.33 13.70

(3.48) (3.42) (3.30) (4.19) (4.11) (3.98) (3.77f°
K.N.G 12.08 11.61 0.00 16.50 11.07 0.00 8.54

(3.52) (3.48) (0.71) (4.11) (3.40) (0.71) (2.95f
*Chinese White 12.00 10.78 7.86 17.93 16.46 12.77 12.96

(3.53) (3.36) (2.89) (4.30) (4.11) (3.64) (3.66)°

Mean for Basal cutting (BC) = 14.43 Mean ftiddle cutting (MC) =12.75  Mean for Apicalttng (AC) = 8.67
(3.83) (3.64) (3.62)
Mean for GC-1 = 10.28 Mean for GC — 113.61
(3.28) (3.72)
C.D (p=0.05) SEmz C.D (p=0.05) SEmM

Variety (V) = 0.24 0.11 V x GC = N.S
Growing conditions (GC) = 0.14 0.06 X = 0.42 0.20
Shoot position (L) = 0.14 0.07 GCxL = N.S
*Check VXGCxL = N.S

Note: Values in parentheses @&e0.5 (sq root) transformation values: means fodldvoy similar letter(s) are statistically
Identical
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Significant variation in the number of leaves weleserved in different
varieties. Limoncina recorded significantly maximaomber of leaves, i.e. 15.91
followed by Francee with 13.70, Chinese-white witB.96, Kokuso-20 with
12.00. Limoncina and Francee were statisticallypat among themselves in
respect of average number of leaves. Minimum nunobbdeaves i.e. 8.54 was
recorded in KNG.

The data also revealed that growing conditionsiggmtly affected the
number of leaves. Maximum number of leaves i.elL8/ére observed in cuttings
planted in polyhouse.

It is also evident from the data that shoot posgisignificantly affected
number of leaves per cutting. Significantly maximoomber of leaves i.e. 14.43
were observed in basal position of shoot and maammm number of leaves i.e

8.67 in apical position of shoot.

Table 5.1:Interaction effect for number of leaves btween variety
and shoot position

Treatment Basal cutting Middle cutting Apical cutting
Limoncina 17.30 16.40 12.97
(4.22) (4.11) (3.67)
Kokuso-20 13.41 12.03 5.11
(3.73) (3.54) (3.27)
Kairyoroso 11.68 10.25 9.35
(3.49) (3.28) (3.14)
Francee 14.16 11.69 8.74
(3.83) (3.49) (3.04)
K.N.G 14.09 11.33 0.00
(3.82) (3.44) (0.71)
Chinese-white 14.78 13.41 10.06
____________________________________ @9y ... @73 _______(325_ _
SE mz+ 0.20
CD (p=0.05) 0.42

The interaction effect of number of leaves betweariety x shoot position
was found significant. Significantly highest numbef leaves i.e 17.30 was
recorded with treatment combination Limoncina x d&asutting, which was

statistically at par with Chinese-white x Basatltioif and Francee x Basal cutting.
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Table 6: Effect of growing condition and shoot posion on weight of leaves (g) of different mulberrygenotypes

6¢

Varieties I Natural condition (GC-1). . __._. _._.__] Polyhouse _condion (GC-II). _._ __.
Basal Middle Apical Basal Middle Apical Varietal
cuttings cuttings cutting cuttings cuttings cutting mean
(BC) (MC) (AC) (BC) (MC) (AC)
L|m0nc|na 5.95 5.16 3.83 10.03 6.35 4.35 5.94
(2.53) (2.37) (2.05) (3.24) (2.61) (2.19) (2.517¢
Kokuso-20 4.60 4.15 3.95 6.85 6.05 5.06 5.21
(2.25) (2.15) (2.10) (2.71) (2.55) (2.48) (2.37f
Kairyoroso 5.17 3.62 3.05 6.25 4.95 3.45 4.41
(2.38) (2.02) (1.88) (2.59) (2.33) (1.98) (2.20¥
Francee 4.59 4.05 3.10 8.01 7.85 5.40 5.50
(2.24) (2.13) (1.90) (2.91) (2.89) (2.42) (2.447°
K.N.G 4.95 4.15 0.00 8.33 7.20 0.00 4.10
(2.33) (2.15) (0.712) (2.98) (2.77) (0.72) (2.12¥
*Chinese- white 4.55 4.05 3.10 7.70 7.05 4.45 5.15
(2.24) (2.13) (1.89) (2.86) (2.74) (2.22) (2.35)
Mean for Basal cutting (BC) = 6.19 Mean foidile cutting (MC) =5.33  Mean for Apical datj (AC)= 3.62
(2.56) (2.39) (2.00)
Mean for GC-1 = 4.06 Mean for GC — 16:04
(2.12) (2.58
C.D (p=0.05) SEmz C.D (p=0.05) BE
Variety (V) = 0.10 0.04 V xGC = 0.14 0.06
Growing conditions (GC) = 0.06 0.03 X = 0.18 0.09
Shoot position (L) = 0.07 0.03 Lx GC = 011 0.05
*Check VXGCxL = N.S

Note: Values in parentheses @&e0.5 (sq root) transformation values: means fe#d by similar letter(s) are statistically
identical
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4.1.6 Weight of leaves

The data pertaining to weight of leaves as affebiedrowing conditions
and shoot position in the varieties is presentdédlite 6.

There was significant variation in weight of leawasdifferent varieties.
Limoncina recorded maximum weight of leaves i.et5g9which was at par with
Francee with 5.57 g but significantly higher ovehey cultivars. The lowest
weight of leaves i.e.4.10 g were observed in KNG.

The data also revealed that cuttings planted inyhmalse recorded
significantly higher weight of leaves i.e. 6.04\geonatural condition with 4.06 g.

Perusal of the data also indicated that weighteai/és was significantly
affected by shoot position. Cuttings from basal itpms of shoot recorded
maximum weight of 6.19 g which was significantlyglirer over those from

middle with 5.33 and apical with 3.62 g, respedyive

Table 6.1:Interaction effect for weight of leaves d) between
variety and growing condition

Treatment Natural condition Polyhouse condition
Limoncina 4.88 6.90
(2.32) (2.72)
Kokuso-20 4.20 5.75
(2.17) (2.50)
Kairyoroso 4.20 4.48
(2.17) (2.23)
Francee 3.91 7.00
(2.10) (2.74)
K.N.G 2.50 0.82
(2.73) (2.15)
Chinese-white 3.87 6.31
e, (209) (2.61). ...
SE m+ 0.06
CD (p=0.05) 0.14

The data presented in the table showed a signifiinteraction effect
between variety x growing condition for weight eales. Significantly maximum

weight of leaves i.e.7.00g was recorded with teattnent combination Francee x
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Polyhouse. However, it was statistically at parhwihe treatment combination

Limoncina x Polyhouse and Chinese-white x Polyhausalition.

Table 6.2:Interaction effect for weight of leaves bétween variety x
position of shoot

Treatment Basal cutting Middle cutting  Apical cutting
Limoncina 8.09 5.76 4.00
(2.93) (2.50) (2.12)
Kokuso-20 5.66 5.07 4.80
(2.48) (2.36) (2.30)
Kairyoroso 4.74 4.34 3.91
(2.29) (2.20) (2.10)
Francee 6.15 575 417
(2.58) (2.50) (2.16)
K.N.G 6.52 5.60 0.00
(2.65) (2.47) (0.71)
Chinese-white 6.06 5.40 3.54
___________________________________ (256) . .(243) ___ _ (201)
SE m#+ 0.09
CD (p=0.05) 0.18

The interaction data for weight of leaves cleanglicated that Limoncina
x Basal cutting far excelled in recording signifitlg highest weight of leaves
i.e.8.09 g while KNG x Apical cutting recorded tlmvest weight of leaves i.e.

0.00 g. However, apical cuttings of the said vgrazuld not root.

Table 6.3:Interaction effect for weight of leavesd) between shoot
position and growing condition

Basal 4.70 7.73
(2.28) (2.67)
Middle 4.03 6.58
(2.13) (2.66)
Apical 3.03 3.50
________________________________________ (1.88) (200
SE m+ 0.05
CD (p=0.05) 0.11

It was found that under polyhouse condition theabastting recorded significantly
highest weight of leaves i.e.7.73 g while the lowesight of leaves i.e.3.03 g was

recorded under natural conditions for apical cg#in
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Table 7: Effect of growing condition and shoot pason on internodal distance (cm) of different mulkerry genotypes

4>

——._..._.Natural condition (GC-1) __.__.. __.__._ Polyhouse condition (GCH)_._._ _._.
Basal Middle Apical Basal Middle Apical Varietal
cuttings cuttings cutting cuttings cuttings cutting mean
Varieties (BC) (MC) (AC) (BC) (MC) (AC)
L|m0nc|na 1.58 1.40 1.23 1.45 1.25 1.32 1.35
(1.44) (1.38) (1.31) (1.39) (1.32) (1.31) (1.36f
Kokuso-20 1.56 1.63 1.27 1.48 1.42 1.11 1.41
(1.43) (1.46) (1.33) (1.40) (1.39) (1.28) (1.39¥
Kairyoroso 1.53 1.36 1.28 1.39 1.35 1.19 1.35
(1.42) (1.37) (1.33) (1.38) (1.36) (2.30) (1.36¥
Francee 2.13 2.12 1.75 1.94 2.07 1.50 1.95
(1.62) (1.61) (1.56) (1.56) (1.60) (1.41) (1.56Y
K.N.G 1.13 0.89 0.00 1.08 1.58 0.00 0.78
(1.28) (1.18) (0.712) (1.26) (1.44) (0.72) (1.13%
*Chinese-white 3.53 3.73 2.99 3.06 2.99 2.60 3.14
(2.00) (2.05) (1.87) (1.88) (1.87) (1.76) (1.90%
Mean for Basal cutting (BC) = 1.82 Mean for Migldutting (MC) =1.77  Mean for Apical cuttifigC)= 1.36
(1.57) (1.56) (1.32)
Mean for GC-l1 =1.73 Mean @€ — Il = 1.59
(1.47% (1.42)
C.D (p=0.05) SEmz C.D (p=0.05) BE
Variety (V) = 0.05 0.02 V xGC = 0.07 0.03
Growing conditions (GC) = 0.03 0.01 X = 0.09 0.04
Shoot position (L) = 0.09 0.02 Lx GC = N.S
*Check VXLxGC = NS

Note: Values in parentheses @&e0.5 (sq root) transformation values: means fe#d by similar letter(s) are statistically
Identical
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4.1.7 Inter-nodal distance

Data on inter-nodal distance of cuttings as infaesh by growing
conditions and position of shoot in the test caltivis presented in (table 7).

Data revealed that all the varieties showed sicguifi differences in the
internodal distance. Chinese-white (check) recoraeaximum i.e.3.14 cm
internodal distance significantly higher over otharieties, being followed by
Francee. The lowest inter-nodal distance i.e. Ori&vas recorded in KNG.

The data also revealed that growing of cuttingseunthtural conditions
recorded inter-nodal distance of 1.73 cm compaoegotyhouse which recorded
inter-nodal distance of 1.59 cm.

A reference to the data in Table 7 further reveded basal, middle and
apical cuttings did not influence much on the intedal distance. The lowest
value for inter-nodal distance i.e.1.36 cm was méed by apical cuttings and the

highest i.e.1.82 cm by basal cuttings.

Table 7.1:Interaction effect for internodal distane (cm) between
variety x position of shoot

Treatment Basal cutting Middle cutting __Apical cutting
Limoncina 1.51 1.32 1.21
(1.42) (1.35) (1.31)
Kokuso-20 1.49 1.60 1.19
(1.41) (1.45) (1.30)
Kairyoroso 1.46 1.35 1.24
(1.40) (1.36) (1.32)
Francee 2.03 2.09 1.49
(1.59) (1.61) (1.41)
K.N.G 1.11 1.43 0.00
(1.27) (1.39) (0.71)
Chinese-white 3.26 3.34 2.77
__________________________________ (194) . ____(@a96) ______(81)___
SE m+ 0.04
CD (p=0.05) 0.09

The interaction effect of internodal distance betwesariety and shoot

position was observed as significant. The maximaternodal distance i.e.3.34
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cm was recorded with Chinese-white x Middle cuttimgich was at par with the
internodal distance recorded by the interactiom€se-white x Basal cutting with
3.36 cm.

Table 7.2:Interaction effect for internodal distane® between
variety and growing condition

Treatment Natural condition Polyhouse condition
Limoncina 1.38 1.34
(2.37) (2.37)
Kokuso-20 1.51 1.35
(1.42) (1.36)
Kairyoroso 1.31 1.30
(1.37) (1.34)
Francee 2.06 1.81
(1.60) (1.52)
K.N.G 0.91 0.62
(1.19) (1.06)
Chinese-white 3.39 2.85
e XOT) (1.83). ...
SE m+ 0.07
CD (p=0.05) 0.03

From the perusal of the data presented in tableit7v2as found that
internodal distance was highest for Chinese-wh&i39 cm grown under natural
condition while it was lowest in KNG with 0.62 cnrogvn under polyhouse
condition. The variety Francee proved to be sechighest with regard to
internodal distance under natural condition i.€62cm. It was further observed
that the internodal distance remained higher witithee varieties grown under
natural conditions compared to polyhouse.

4.1.8 Biomass (upperground)

There was significant variation in upper grouridniass production in
different cultivars. Limoncina, statistically at rpawith Francee, recorded
significantly highest upper ground biomass i.6809) over other varieties. Francee
recorded 17.35 g followed by Chinese-white with886g and Kokuso-20 with
15.45 g upper ground biomass. The minimum upparrgtdiomass of 11.40 g was
recorded in KNG.
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Table 8: Effect of growing condition and shoot posion on biomass upperground (g) of different mulbery genotypes

Varieties I Natural condition (GC-1)_ __.__. __.__] Polyhouse _condion (GC-II). _._ __.
Basal Middle Apical Basal Middle Apical Varietal
cuttings cuttings cutting cuttings cuttings cutting mean
(BC) (MC) (AC) (BC) (MC) (AC)
L|m0nc|na 19.75 15.25 12.85 26.70 23.45 15.37 19.90
(4.49) (3.96) (3.65) (5.21) (4.89) (3.98) (4.517¢
Kokuso-20 15.37 14.44 12.28 19.64 17.85 13.65 15.53
(3.98) (3.86) (3.57) (4.48) (4.28) (3.76) (3.99Y
Kairyoroso 13.76 11.30 7.35 16.62 12.21 9.20 11.74
(3.77) (3.43) (2.80) (4.13) (4.13) (3.11) (3.47¥
Francee 18.11 16.79 15.76 23.11 22.76 18.31 19.13
(4.31) (4.14) (4.03) (4.85) (4.82) (4.33) (4.437
K.N.G 15.61 12.25 0.00 21.20 19.35 0.00 11.40
(3.95) (3.57) (0.71) (4.65) (4.45) (0.71) (3.44f
*Chinese-white 19.26 17.74 14.65 26.55 19.87 16.80 19.14
(4.47) (4.27) (3.89) (5.20) (4.51) (4.16) (4.43F
Mean for Basal cutting (BC) = 19.49 Mean ftiddle cutting (MC) = 16.23  Mean for Apicaltting (AC) = 10.15
(4.46) (4.0%) (3.56)
Mean for GC-l = 13.34 Mean for GC — IL#.24
(3.72) (4.23)
C.D (p=0.05) SEmz C.D (p=0.05) E®t
Variety (V) = 0.08 0.04 V x GC = 0.11 0.05
Growing conditions (GC) = 0.05 0.02 X = 0.14 0.07
Shoot position (L) = 0.06 0.03 GCxL = 0.08 0.04
*Check VXGCxL = N.S

Note: Values in parentheses @e0.5 (sq root) transformation values: means fe#d by similar letter(s) are statistically
Identical
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The data further revealed that cuttings grown itylpause condition
recorded significantly higher upper ground biomassl7.24 g compared to
natural conditions with 13.34 g.

From the perusal of data it was also noticed thabs position affected
upper ground biomass production significantly. Basdtings recorded maximum
upper ground biomass of 19.49 g as against 16.28dg10.15 g upper ground

biomass in middle and apical respectively.

Table 8.1:Interaction effect between variety x growng condition
on upperground biomass (Q)

Treatment Natural Polyhouse
Limoncina 15.82 21.59
(4.04) (4.70)
Kokuso-20 14.01 16.97
(3.81) (4.18)
Kairyoroso 10.58 12.46
(3.33) (3.60)
Francee 11.54 15.02
(3.47) (3.94)
K.N.G 7.00 10.19
(2.74) (3.27)
Chinese-white 14.63 18.24
_______________________________________ (389 . _....(433) . __
SE(m)+ 0.05
CD (0.05) 10.

It is evident from the table that significanthyghest upper ground biomass
of 21.59 g was recorded with the treatment comhlonatimoncina x Polyhouse

condition.
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Table 8.2:Interaction effect for upper-ground biomass between
variety x position of shoot

Treatment Basal cutting Middle cutting __Apical cutting
Limoncina 23.00 19.62 14.00
(4.85) (4.43) (3.81)
Kokuso-20 17.39 16.14 12.97
(4.23) (4.08) (3.67)
Kairyoroso 15.19 11.76 8.27
(3.96) (3.50) (2.96)
Francee 19.67 14.40 1.80
(4.49) (3.86) (2.29)
K.N.G 13.00 13.59 0.00
(4.30) (4.01) (0.71)
Chinese-white 22.82 16.31 11.13
(4.83) (4.10) (3.41)
__________ e S R
CD (p=0.05) 0.14

The data presented in the table 8.2 indicatedf&gnt interaction effect
between variety x shoot position. Significantly nmaxm upper-ground bio-mass
of 23.00 g was recorded with the interaction Limioacx Basal cutting being

significantly at par with treatment combination @ége-white x Basal cutting.

Table 8.3: Interaction effect for upper-ground biomass between
shoot position and growing condition

Treatment Natural condition Polyhouse condition
Basal 16.63 22.16
(4.14) (4.76)
Middle 13.95 18.24
(3.80) (4.33)
Apical 8.14 9.74
e (294) (3.20). _._._._._._
SE m#* 0.04
CD (p=0.05) 0.08

Significantly highest upper-ground biomass of B2glwas recorded with
basal cuttings grown under polyhouse conditiondengignificantly lowest upper-
ground biomass of 8.14 g was recorded with apiattlrgys grown under natural
condition (Table 8.3).
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Table 9: Effect of growing condition and shoot posion on biomass underground (q) of different mulbery genotypes

-.........Natural condition (GC-1) | _ _ _ Polyhouse condition (GCH)
Basal Middle Apical Basal Middle Apical Varietal
cuttings cuttings cutting cuttings cuttings cutting mean
Varieties (BC) (MC) (AC) (BC) (MC) (AC)
L|m0nc|na 1.29 0.94 0.65 1.87 1.86 0.97 1.26
(1.33) (1.19) (1.06) (1.53) (1.53) (1.21) (1.32¢
Kokuso-20 1.10 1.01 0.70 1.75 1.37 0.91 1.14
(1.26) (1.24) (2.09) (1.55) (1.35) (1.10) (1.28%
Kairyoroso 0.83 0.81 0.72 1.45 1.10 0.86 0.96
(1.15) (1.14) (1.09) (1.39) (1.26) (1.16) (1.20%
Francee 1.28 1.15 0.76 1.85 1.42 1.06 1.27
(1.33) (1.29) (1.12) (1.53) (1.34) (1.24) (1.337¢
K.N.G 1.09 0.75 0.00 1.84 1.16 0.00 0.80
(1.25) (1.03) (0.712) (1.52) (1.26) (0.72) (1.14¥
*Chinese-white 1.22 1.00 0.97 1.85 1.24 0.91 1.16
(1.31) (1.22) (1.21) (1.53) (1.31) (1.19) (1.28%
Mean for Basal cutting (BC) = 1.45 Mean foidile cutting (MC) = 1.15  Mean for Apical daty (AC)=0.70
(1.39) (1.28) (1.09)
Mean for GC-1 = 0.89 Mean for GC — 1130
(1.1%) (1.38
C.D (p=0.05) SEmz C.D (p=0.05) SEmz
Variety (V) = 0.05 0.02 V xGC = N.S
Growing conditions (GC) = 0.03 0.01 X = 0.09 0.04
Shoot position (L) = 0.04 0.02 Lx GC = 0.05 0.02
*Check VXGCxL = N.S

Note: Values in parentheses @&e0.5 (sq root) transformation values: means fe#d by similar letter(s) are statistically
Identical
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4.1.9 Biomass (underground)

The data (table 9) indicated variations in undargth biomass of the
mulberry genotypes due to various treatment effédtsdoubt Francee produced
significantly higher underground biomass of 1.2Bug it was significantly at par
with Limoncina with 1.26 g, Kokuso-20 with 1.14 a@tdinese-white with 1.16g.

Regarding effect of growing conditions the cuttingsown under
polyhouse produced significantly more undergrouiuanass i.e.1.30 g compared
to natural conditions with 0.89 g.

The data also revealed that basal cuttings prodsagficantly more
underground biomass i.e.1.45 g compared to middténgs with 0.93 g and
apical cuttings (0.91 g) and both middle and apadtings were statistically at

par in the production of underground biomass.

Table 9.1:Interaction effect for under ground biomas between
variety and shoot position

Treatment Basal cutting  Middle cutting  Apical cutting
Limoncina 1.54 1.19 0.94
(1.43)* (2.30) (1.20)
Kokuso-20 1.46 0.78 1.64
(1.40) (2.13) (1.29)
Kairyoroso 1.11 0.78 0.94
(1.27) (1.13) (1.20)
Francee 1.49 0.80 1.19
(1.41) (1.14) (2.30)
K.N.G 1.43 0.80 0.00
(1.39) (1.14) (0.72)
Chinese-white 1.57 0.99 1.21
___________________________________ (L44) . (L22) (131
SE(m)x 09.
CD (0.05) .09

The data reveals significant interaction effectwssn variety x shoot
position for underground biomass. Maximum undergdhiomass of 1.57 g was

recorded with the treatment combination of Chinebée x Basal cutting
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followed closely by the treatment combination Liroova x Basal cutting,

Francee x Basal cutting and Kokuso-20 x Basalrayitti

Table 9.2:Interaction effect for underground bio-mass between
shoot position and growing condition

Treatment Natural condition Polyhouse condition
Basal 1.14 1.79
(1.28) (1.51)
Middle 0.91 1.19
(12.19) (2.30)
Apical 0.59 0.90
e AOA) (1.18). . _._._._.
SE mz* 0.02
CD (p=0.05) 0.05

The interaction effect between shoot position xwing conditions
revealed that significantly highest undergroundiass of 1.79 g was recorded
under polyhouse condition and significantly lowastderground of 0.59 g was
recorded with apical cutting grown under naturaidition.

EXPERIMENT-II

4.2 Influence of variety, media and growing condittns on the rooting
behaviour (Fig 10 — 18).
4.2.1 Rooting percentage

The data (table 10) revealed significant variatiom the rooting
percentage of mulberry cuttings as affected byediffit treatments.

It was observed that Chinese white recorded sagmifly higher rooting
percentage compared to other cultivars. Among#t fested genotypes Francee
recorded significantly higher rooting percentage5df44 over other cultivars
though being at par with Limoncina with 53.33 pentc(Plate No. 10).

Regarding effect of growing conditions it is clelmom the data that
polyhouse condition was significantly superior &tural condition in increasing

the rooting percentage of the cuttings (Plate Nand 8).
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Table 10: Effect of growing condition and media omooting (%) of different mulberry genotypes

—-.-.....Natural condition (GC-1)_._._._.. _____Polyhouse condition (GCH)
Sand Soil Sand + Soil Sand Soil Sand + Soil  Varietal
Varieties (M) (M>) (M=) (M) (M>) (M=) mean
Limoncina 50.00 13.33 46.66 93.33 33.33 83.33 53.33
(45.00) (21.14) (41.15) (72.98) (35.21) (66.64) (46.85§
Kokuso-20 53.33 13.33 23.33 73.33 20.00 40.00 37.22
(47.21) (21.14) (28.28) (60.00) (26.07) (30.85) (36.92%
Kairyoroso 30.00 10.00 20.00 66.66 16.66 30.00 28.88
(33.00) (18.43) (26.07) (55.07) (23.85) (33.00) (31.57f
Francee 60.00 33.33 46.66 80.00 43.33 63.33 54.44
(50.85) (35.21) (43.07) (63.93) (41.15) (53.06) (47.88§
K.N.G 20.00 0.00 13.33 33.33 0.00 30.00 16.11
(26.07) (4.05) (21.14) (35.21) (4.05) (33.00) (15.81F
*Chinese-white 70.00 50.00 56.66 83.33 60.00 73.33 65.55
(57.78) (45.00) (48.93) (66.64) (50.85) (59.21) (54.73%
Mean for Sand (M) = 57.77 Mean for Soil M= 24.44 Mean for Sand + Soik(M 43.88
(49.97)2 (27.106) (39.82)
Mean for Natural condition (GC-I) = 34.44 Mefan Polyhoue condition (GC —1l) = 50.73
(36.66) (44.26%
C.D (p=0.05) SEm+ C.D (p=0.05) ESt
Variety (V) = 5.18 2.56 VXM = 8.10 4.5
Media (M = 3.66 1.79 VxGC = 7.33 3.69
Growing condition (GC) = 2.99 1.46 M x GC = N.S
*Check VXMxGC = N.S

Note: Values in parentheses 0.5 angular transformation values: means follbig similar letter(s) are statistically
Identical
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Plate No. 6: Uprooted cuttings grown in polyhouseanditions




Plate No. 7: Influence of media on survival and bimass (Upperground)
Ist set of polybag = Sand
" set of polybag = Soil
"3 set of polybag = Sand + Soil




Plate No.8: Influence of media on survival of cuttigs/biomass (upperground )
Ist set of polybags = Sand
" set of polybags = Sand + Soil
"8 set of polybags = Soil




Plate No. 9: Influence of media on rooting behaviau
M= Sand
M= Soll
Pl = Sand + Sol




Kokuso-20

Plate No. 10: Rooted cuttings of different cultivas




Table 10.1: Interaction effect for rooting (%) between variety
and media

Treatment Sand Soil Sand + Soill
Limoncina 73.48 20.18 65.29
(59.00) (26.69) (53.90)
Kokuso-20 64.80 16.04 30.60
(53.61) (23.61) (33.58)
Kairyoroso 48.32 13.02 24.30
(44.04) (21.15) (29.53)
Francee 70.98 38.22 55.40
(57.40) (38.19) (48.10)
K.N.G 16.04 0.00 11.48
(23.61) (4.06) (19.80)
Chinese-white 78.27 55.09 65.57
_________________________________ (6221) ____ _(47.92) ____(54.07)
SE(m)+ 4.5
CD (p=0.05) 8.10

The interaction effect for rooting between varietynedia was observed as
significant. Significantly maximum rooting of 78.2&r cent was recorded with
the interaction Chinese-white x Sand medium beitagissically at par with
interaction Limoncina x Sand medium with 73.48 pent and Francee x Sand
medium with 70.98 per cent.

Table 10.2: Interaction effect for rooting (%) between variety x
growing conditions

Treatment Natural (GCI) Polyhouse (GC-II)
Limoncina 34.17 71.82
(35.77) (57.94)
Kokuso-20 28.41 44,15
(32.21) (41.64)
Kairyoroso 18.98 36.74
(25.83) (37.31)
Francee 46.59 63.30
(43.04) (52.71)
K.N.G 6.30 8.65
(14.54) (17.10)
Chinese-white 59.68 73.32
_____________________________________________ (50.58) ________ (58.90)
SE m+ 3.69
CD (p=0.05) 7.33
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Table 11: Effect of growing condition and media omumber of primary roots of different mulberry genotypes

-.—._.._.Natural condition (GC-1) . _ _._.. _._.__._ Polyhouse condition (GCH)__.__._.

Sand Soil Sand + Soil Sand Soil Sand + Soil  Varietal
Varieties (M) (My) (M53) (M) (My) (M53) mean
Limoncina 7.33 3.66 5.24 10.44 5.35 7.35 6.56

(2.79) (2.03) (2.39) (2.29) (2.43) (2.79) (2.65)
Kokuso-20 6.55 3.33 5.15 10.35 5.15 8.17 6.45

(2.65) (1.95) (2.37) (3.29) (2.37) (4.06) (2.63f
Kairyoroso 5.88 2.33 4.32 9.55 4.01 7.45 5.59

(2.52) (1.67) (2.33) (3.16) (2.112) (2.81) (2.43}
Francee 6.33 4.55 5.45 9.35 6.25 7.37 6.55

(2.61) (2.24) (2.43) (3.12) (2.59) (2.88) (2.65%
K.N.G 4.33 0.00 3.00 8.23 0.00 5.20 3.46

(2.18) (0.70) (1.85) (2.96) (0.70) (2.88) (1.93f
*Chinese-white 7.55 4.50 5.40 10.55 5.10 6.50 6.60

(2.83) (2.19) (2.42) (3.32) (2.36) (2.64) (2.66)%
Mean for Sand () = 8.03 Mean for Soil gyi= 3.68 Mean for Sand + SoikjM 5.88

(2.9%) (2.02) (2.83)
Mean for Natural condition (GC-I) = 4.71 Meam Polyhoue condition (GC — II) = 7.02
(2.26) (2.73)
C.D (p=0.05) SEmz C.D (p=0.05) SEmM
Variety (V) = 0.23 0.11 VXM = 0.40 0.19
Media (M = 0.16 0.07 VxGC = N.S
Growing condition (GC) = 0.13 0.06 M x GC = N.S
VXMxGC = N.S

*Check

Note: Values in parentheses #e0.5 (sq root) transformation values: meansofodld by similar letter(s) are statistically
identical
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Perusal of the data (table 10.2) revealed sigmifidateraction effect
between variety x growing conditions in respectaifting percentage. Maximum
rooting of 73.32 per cent was recorded with theerenttion Chinese-white x
Polyhouse being statistically at par with interastLimoncina x Polyhouse which
recorded rooting of 71.82 per cent. Significantiyér rooting of 6.30 per cent
was recorded with interaction KNG x Natural corahs.

4.2.2 Number of primary roots

From the perusal of the data (Table 11) it was eskthat Chinese-white
recorded highest number of primary root i.e. 6.8t0levlowest number of 3.46
was recorded for KNG. However, number of primargtsoin Limoncina with
6.56, Francee with 6.55, Kokuso-20 with 6.45 andry¢moso with 5.59 were
statistically at par with those in Chinese-white.

It is evident that number of primary roots obtainedand i.e. 8.03 were
significantly higher over those obtained in sando#l with 5.88 and soil alone
with 3.68 (Plate No. 9).

Table 11.1: Interaction effect for number of primary roots
between variety and media

Treatment Sand Soil Sand + Soill
Limoncina 8.80 4.47 6.20
(3.05) (2.23) (2.59)
Kokuso-20 9.80 4.16 8.32
(3.21) (2.16) (2.97)
Kairyoroso 7.56 3.07 6.15
(2.84) (1.89) (2.58)
Francee 7.85 5.35 6.41
(2.89) (2.42) (2.63)
K.N.G 6.10 8.00 3.99
(2.57) (0.71) (2.12)
Chinese-white 8.98 4.69 2.12
___________________________________ 3.08) .. _(228_ ______ (253 ___
SE(m)+ .19
CD (0.05) .40
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Table 12: Effect of growing condition and media orlength of the primary roots (cm) of different mulber not

1517

—._..._.Natural condition (GC-1) _._.__.. _._.__._ Polyhouse condition (GCH)_._._ _._.

Sand Soil Sand + Soil Sand Soil Sand + Soil  Varietal
Varieties (M) (M2) (Mz) (M) (M2) (Mz) mean
Limoncina 19.34 17.53 18.23 24.77 18.34 20.77 19.83

(4.45) (4.24) (4.32) (5.02) (4.33) (4.61) (4.497
Kokuso-20 19.15 16.29 17.54 25.37 18.08 22.25 19.78

(4.43) (4.09) (4.24) (5.08) (4.30) (4.76) (4.48Y
Kairyoroso 17.10 14.94 15.23 21.15 17.66 18.74 17.47

(4.19) (4.10) (4.12) (4.65) (4.26) (4.37) (4.24%
Francee 20.15 15.29 17.55 25.35 17.90 22.87 19.86

(4.53) (3.97) (4.24) (5.08) (4.28) (4.83) (4.51}
K.N.G 18.52 0.00 16.11 23.10 0.00 20.00 12.95

(4.36) (0.70) (4.07) (4.85) (0.70) (4.51) (3.60¥
*Chinese-white 20.92 16.12 18.10 25.97 18.4 20.32 19.98

(4.62) (4.05) (4.20) (5.14) (4.35) (4.54) (4.52%
Mean for Sand () = 21.74 Mean for Soil gM= 14.22 Mean for Sand + Soik(M 18.97

(4.71% (3.8%) (4.20)
Mean for Natural condition (GC-I) = 16.56 Mefan Polyhoue condition (GC — Il) = 20.06
(4.119 (4.53)
C.D (p=0.05) SEmz C.D (p=0.05) SEmM

Variety (V) = 0.13 0.06 VXM = 0.23 0.11
Media (M = 0.09 0.04 VxGC = N.S
Growing condition (GC) = 0.07 0.03 M x GC = N.S
*Check VXMxGC = N.S

Note: Values in parentheses @e0.5(sq root) transformation values: means foidvoy similar letter(s) are statistically
identical
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The data (Table 11.1) displayed a significant extéon effect for average
number of primary roots between variety x mediagnficantly maximum
number of primary roots i.e. 9.80 were recordechlite treatment combination
Kokuso-20 x Sand and were statistically at par withmber of primary roots
recorded with Chinese-white x Sand, Limoncina x d&dafrancee x Sand and
Kairyoroso x Sand.

4.2.3 Length of the primary root

The data (table 12) showed significant variationshie length of primary
roots due to different treatment effects.

The check variety (Chinese-white) recorded the égghength of primary
root i.e.19.98 cm but on comparison with testedietigs it was at par with
Francee (19.86 cm), Limoncina with 19.83 cm and u&uzk20 with 19.78 cm.
The minimum length of primary root was observe& MG with 12.95 cm.

The polyhouse condition encouraged significantlggler primary roots
1.e.20.06 cm over natural condition with 16.56 cifhe growing media
significantly influenced the length of primary reofThe primary roots produced
in sand media had significantly more length i.€/21cm over those obtained in
sand + soil with 18.97 cm and soil with 14.22 cm.

Table 12.1: Interaction effect for length of primary root (cm)
between variety and media

Treatment Sand Sail Sand + Sall
Limoncina 21.96 17.90 19.49
(4.74) (4.29) (4.47)
Kokuso-20 22.15 16.80 19.84
(4.76) (4.20) (4.51)
Kairyoroso 19.03 16.98 17.56
(4.42) (4.18) (4.25)
Francee 22.63 16.47 20.11
(4.81) (4.12) (4.54)
K.N.G 20.75 0.00 17.90
(4.61) (0.71) (4.29)
Chinese-white 23.31 17.14 18.60
_________________________________ (488) . __.._.(420). _______(@43D)____
SE mz+ 0.11
CD (p=0.05) 8.2
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Table 13: Effect of growing condition and media orheight (cm) of sapling of different mulberry genotyes

-——._._._Natural condition (GC-1). _ _._._. __._.__ Palyhouse condition (GCH) _._._._._.

Sand Soil Sand + Soil Sand Soil Sand + Soil Varietal
Varieties (M) (Mo) (Ms) (M) (Mo) (Ms) mean
Limoncina 23.44 26.80 31.31 28.92 33.81 37.71 30.33

(4.90) (5.22) (5.64) (5.42) (5.85) (5.19) (5.55)
Kokuso-20 18.36 22.36 26.21 23.31 26.72 30.63 24.59

(4.34) (4.77) (2.16) (4.79) (5.21) (5.57) (4.97f
Kairyoroso 15.57 19.89 23.58 18.04 23.22 20.95 20.20

(4.00) (4.48) (4.82) (4.30) (4.86) (5.20) (4.57f
Francee 24.59 28.67 32.52 33.13 36.90 40.05 32.64

(5.00) (5.39) (5.73) (5.79) (6.90) (6.34) (5.75)
K.N.G 13.57 0.00 22.36 17.87 0.00 25.28 13.18

(3.75) (0.72) 4.77) (4.27) (0.70) (5.06) (3.69f
*Chinese-white 42.32 45.35 48.51 54.93 54.48 56.13 50.39

(6.54) (6.76) (6.94) (7.44) (7.40) (7.56) (7.14¢
Mean for Sand (M) = 26.17 Mean for Soil g/ 26.51 Mean for Sand + Soik{M 33.00

(5.17% (5.20) (5.74)
Mean for Natural condition (GC-I) = 25.85 Mefan Polyhoue condition (GC — Il) = 31.26
(5.13) (5.63)
C.D (p=0.05) SEm+ C.D (p=0.05) BE
Variety (V) = 0.25 0.11 VXM = 0.43 0.21
Media (M = 0.18 0.08 V xGC = N.S
Growing condition (GC) = 0.14 0.06 M x GC = N.S
VXMxGC = N.S

*Check

Note: Values in parentheses@e0.5 (sq root) transformation values: meansfedid by similar letter(s) are statistically

Identical
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The data presented in the table 12.1 revealedstpaificantly maximum
length of primary root i.e. 23.31 cm, was recordgtth the treatment combination
Chinese-white x Sand which was statistically atyiin Francee x Sand, Kokuso-
20 x Sand and Limoncina x Sand.

4.2.4 Height of sapling

The data presented in table 13 showed significanations on the sapling
height of mulberry genotypes as a result of difiéteesatments.

Chinese-white (check) cultivar recorded signifithigher sapling height
i.e. 50.39 cm over other cultivars. However, amotige other five test cultivars
Francee and Limoncina recorded significantly higbegpling height of 32.64 cm
and 30.33 cm, over other genotypes, respectively.

As regards the effect of growing conditions undelypouse significantly
taller sapling with 31.26 cm were produced comparedaplings grown under
natural conditions with 25.85 cm (Plate No. 6).

The data further indicated that out of the threelimsand + soil recorded
significantly higher sapling height of 33.00 cm qmared to other growing media,

Soil medium recorded 26.51 cm and sand medium 28rifaller saplings.

Table 13.1:Interaction effect for height of sapling(cm) between
variety and media

Treatment Sand Soll Sand + Saoll
Limoncina 26.21 30.19 34.31
(5.16) (5.54) (5.90)
Kokuso-20 20.29 24.50 28.60
(4.56) (5.00) (5.38)
Kairyoroso 16.63 21.21 24.60
(4.14) (4.66) (5.01)
Francee 28.66 32.44 35.98
(5.40) (5.74) (6.04)
K.N.G 15.50 0.00 23.70
(4.00) (0.71) (4.92)

...contd..
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Table 14: Effect of growing condition and media omumber of leaves of different mulberry genotypes

6V

- -----__Natural condition (GC-1)_______ _._.__._ Polyhouse condition (GCH)__._ _._.
Sand Soil Sand + Soil Sand Soil Sand + Soil Varietal
Varieties (M) (M2) (Mz) (M) (M2) (Mz) mean
Limoncina 14.83 15.43 21.85 20.48 21.64 28.55 20.46
(3.91) (4.00) (4.73) (4.58) (4.70) (5.69) (4.57f
Kokuso-20 11.82 15.22 21.51 15.23 18.95 26.09 18.13
(3.50) (3.95) (4.69) (3.95) (4.40) (5.14) (4.30§°
Kairyoroso 10.67 13.61 17.18 12.94 16.80 20.27 15.24
(3.31) (3.75) (4.18) (3.66) (4.14) (4.55) (3.94f
Francee 11.63 14.67 20.56 17.06 21.09 29.28 19.04
(3.48) (3.89) (4.58) (4.19) (0.70) (5.44) (4.40%
K.N.G 12.08 0.00 22.53 16.50 0.00 26.98 13.01
(3.52) (0.70) (4.79) (4.11) (0.70) (5.22) (3.67f
*Chinese-white 12.00 14.85 16.88 17.93 18.80 19.00 16.60
(3.53) (3.91) (4.16) (4.30) (4.38) (4.41) (4.11f°
Mean for Sand (¥) = 14.43 Mean for Soil g/ 14.82 Mean for Sand + Soig(M 23.13
(3.83) (3.9 (4.83)
Mean for Natural condition (GC-I) = 15.22 Mefan Polyhoue condition (GC — Il) = 19.69
(3.95) (4.46)
C.D (p=0.05) SEmz C.D (p=0.05) SEmM
Variety (V) = 0.19 0.08 VXM = 0.37 0.17
Media (M = 0.14 0.07 VxGC = N.S
Growing condition (GC) = 0.11 0.05 M x GC = N.S
*Check VXMxGC = N.S

Note: Values in parenthesesée0.5 (sq root) transformation values: meanfodd by similar letter(s) are
statistically identical
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Chinese-white 44.92 47.66 49.62

_________________________________ 6.74) . _._.___(694) ______(7.08)_ ___
SE mt 0.21
CD (p=0.05) 0.43

The data depicted in the (Table 13.1) showed samifly highest height
of sapling i.e.49.62 cm with treatment combinatZinnese-white x Sand + soil.
4.2.5 Number of leaves

Number of leaves were markedly influenced by dédfertreatments (table
14). The number of leaves were highest i.e. 20M&imoncina followed by
Francee with 19.60 and Kairyoroso with 15.24. Tfraimum number of leaves
were recorded in KNG with 13.01. Limoncina and e were statistically at
par among themselves but significantly superioptiter varieties in respect of
number of leaves.

A reference to the data (Table 14) further reve#thed the cuttings grown
under polyhouse produced significantly more numloérleaves i.e 19.69
compared to their growing under natural conditibasg 15.22.

As regards the effect of growing media, the cugtiggown in sand + soil
produced significantly highest number of leaves 28.13 compared to their
growing in soil with 14.82 or sand with 14.43. Oargentage basis, cuttings
grown in sand + soil recorded an increase of 6&r&956.07 percent leaves over

those grown in sand and soil media, respectively.

Table 14.1: Interaction effect for number of leavesbetween
variety and media

Treatment Sand Soll Sand + Sall
Limoncina 17.47 21.77 28.44
(4.24) (4.72) (5.38)
Kokuso-20 13.41 16.97 23.70
(3.73) (4.18) (4.92)
Kairyoroso 11.68 15.10 18.60
(3.49) (3.95) (4.37)
Francee 14.16 17.73 24.70
(3.83) (4.27) (5.02)
K.N.G 14.09 0.00 24.50
(3.82) (0.71) (5.00)

..... contd
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Table 15: Effect of growing condition and media omweight of leaves (qg) of different mulberry genotypg

] Natural condition (GC-1) _._._._. _._._._._.Polyhouse condition (GC-I). _.__._.
Sand Soil Sand + Soil Sand Soil Sand + Soil  Varietal
Varieties (M) (M2) (Mz) (M) (M2) (Mz) mean
Limoncina 5.95 10.88 14.67 10.03 15.12 20.25 12.81
(2.53) (3.36) (3.89) (3.24) (3.95) (4.55) (3.60%
Kokuso-20 4.60 6.84 10.32 6.85 9.85 15.39 8.97
(2.25) (2.13) (2.88) (2.71) (2.22) (3.90) (3.05f
Kairyoroso 3.62 5.71 7.90 5.17 8.06 10.13 6.76
(2.02) (2.48) (2.89) (2.38) (2.92) (3.28) (2.66f
Francee 4.59 7.04 10.30 8.01 11.81 17.71 9.91
(2.24) (2.74) (3.28) (2.91) (3.50) (4.26) (3.20%
K.N.G 4.59 0.00 11.49 8.33 0.00 15.91 6.72
(2.33) (0.70) (3.46) (2.98) (0.70) (4.00) (2.56f
*Chinese-white 4.55 6.68 7.93 7.70 10.15 11.50 8.08
(2.24) (2.67) (2.90) (2.86) (3.26) (3.46) (2.90¥
Mean for Sand () = 6.19 Mean for Soil g/= 7.67 Mean for Sand + SoikjM 12.79
(2.56) (2.89) (3.62)
Mean for Natural condition (GC-I) = 7.11 Meam Rolyhoue condition (GC — 1l) = 10.66
(2.73) (3.23)
C.D (p=0.05) SEmz C.D (p=0.05) SEmM
Variety (V) = 0.12 0.05 VXM = N.S
Media (M = 0.09 0.04 V xGC = 0.14 0.06
Growing condition (GC) = 0.07 0.03 M x GC = N.S
*Check VXMxGC = N.S

Note: Values in parentheses 0.5 (sq root) transformation values: meansfe#id by similar letter(s) are
statistically identical
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Chinese-white 14.78 16.72 17.90

_________________________________ @91) ... .@415 (429
SE mz 1D
CD (p=0.05) .3

The data (Table 14.1) revealed significantly iatgion effect for number
of leaves between variety x media and height nuroblzaves i.e. 28.44 with the
treatment combination Limoncina x Sand + Soil, bestatistically at par with
treatment combination, Francee x Sand + Soil witiT@.

4.2.6 Weight of leaves

The data (table 15) indicated a marked influencdiféérent treatments on
the weight of leaves. While comparing the weighteaives in different genotypes
it was found that barring KNG and Kairyoroso vaest the check variety
revealed significantly lowest weight of leaves 8608 g.

Amongst the test genotypes, significantly highestight of leaves i.e.
12.81 g was recorded in Limoncina followed by Femwith 9.91 g and Chinese-
whit with 8.08 g, while the lowest weight of leavies 6.72 g was recorded in
K.N.G variety.

Perusal of the data (table 15) further revealed ¢o&ings grown under
polyhouse produced significantly higher weightedes i.e. 10.66 g compared to
those grown under natural condition with 7.11 g.

Regarding the effect of different media it was aofed from the data that
leaf weight of the cuttings grown in sand + soildinen was 12.79 g, being
significantly higher over the leaf weight recordedsoil with 7.67 g and sand
with 6.19 g.

Table 15.1:Interaction effect between variety x graing condition

on weight of leaves (q)

Treatment Natural (GCI) Polyhouse (GC-Il)
Limoncina 10.19 15.10
(3.27) (3.95)
Kokuso-20 6.00 10.39
(2.55) (3.30)
Kairyoroso 5.60 7.67
(2.47) (2.86)

52 Contd...
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Table 16: Effect of growing condition and media oninternodal distance (cm) of different mulberry gendypes

- -----__Natural condition (GC-1)_______ _._.__._ Polyhouse condition (GCH)__._ _._.
Sand Soil Sand + Soil Sand Soil Sand + Soil  Varietal
Varieties (M) (M2) (Mz) (M) (M2) (Mz) mean
Limoncina 1.58 1.44 1.24 1.45 1.35 1.18 1.38
(1.44) (1.40) (1.31) (1.40) (1.36) (1.30) (1.37F
Kokuso-20 1.56 1.48 1.22 1.48 141 1.18 1.38
(1.43) (1.41) (1.31) (1.41) (1.39) (1.30) (1.37f
Kairyoroso 1.53 1.45 1.32 1.39 1.26 1.32 1.38
(1.42) (1.40) (1.37) (1.38) (1.32) (1.34) (1.37f
Francee 2.13 1.95 1.58 1.94 1.75 1.38 1.78
(1.62) (1.57) (1.44) (1.57) (1.50) (1.37) (1.51)
K.N.G 1.13 0.00 0.99 1.08 0.00 0.97 0.69
(1.28) (0.72) (1.20) (1.26) (0.72) (1.22) (1.10¥
*Chinese White 3.53 3.06 2.85 3.06 2.90 2.91 3.05
(2.00) (1.89) (1.82) (1.89) (1.84) (1.84) (1.88%
Mean for Sand () = 1.82 Mean for Soil g/i= 1.50 Mean for Sand + SoikjM 1.52
(1.5%) (1.40) (1.42)
Mean for Natural condition (GC-I) = 1.67 Meam Polyhoue condition (GC — II) = 1.54
(1.443 (1.49)
C.D (p=0.05) SEmz C.D (p=0.05) BE
Variety (V) = 0.04 0.02 VxM = 0.08 0.04
Media (M = 0.03 0.02 VxGC = N.
Growing condition (GC) = 0.02 0.01 M x GC = N.S
VXMxGC = N.S

*Check
Note: Values in parentheses 0.5 (sq root) transformation values: meansofedld by similar letter(s) are statistically

identical
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Francee 7.11 12.17

(2.76) (3.56)
K.N.G 4.20 6.05
(2.17) (2.56)
Chinese-white 6.31 9.74
______________________________________________ (261) . _.__.(@B20)_____
SE m#+ 0.06
CD (p=0.05) 0.14

Significantly maximum weight of leaves 15.10 g lflea 15.1) was
recorded by the treatment combination Limoncinaok/mouse. However, it was
statistically at par with treatment combinationriree x Polyhouse and Chinese-
white x Polyhouse.

4.2.7 Inter-nodal distance

The inter-nodal distance of mulberry cuttings shdwearked variations
under different treatments (table 16).

No doubt, significantly higher inter nodal distanoé 3.05 cm was

recorded in Chinese white cultivar (check) but agsbrother five test cultivars
the highest value of inter-nodal distance of 1.%8 was observed in Francee
while the lowest inter-nodal distance of 0.69 cns\i@und in KNG.. However the
internodal distance in test cultivars varied fro®0to 1.78 cm.

The data also revealed that cuttings grown in pmige produced
internodal distance of 1.54 cm compared to 1.6%noder natural conditions.

Regarding the effect of growing media on the imedal distance, it is
evident that mean inter-nodal distance was maximart.82 cm in the cuttings

grown in sand and minimum of 1.50 cm in cuttingsvgn in soil medium.

Table 16.1: Interaction effect for internodal distaance between
variety and media

Treatment Sand Sall Sand + Sall
Limoncina 1.52 1.40 1.27
(2.42) (1.38) (1.33)
Kokuso-20 1.48 1.43 1.19
(1.41) (2.39) (1.30)
Kairyoroso 1.46 1.35 1.35
(2.40) (1.36) (1.36)
Francee 2.02 1.84 1.46
(12.59) (1.53) (1.40)
Contd..
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Table 17 :Effect of growing condition and media orbiomass upperground (q) of different mulberry genoypes

=i}

-—._._._.Natural condition (GC-1) _ _ __ . ____| Polyhouse condition (GCH). _._._._.
Sand Soil Sand + Soll Sand Soil Sand + Soil  Varietal
Varieties (M) (M>) (M) (M) (M) (Ma) mean
L|m0nc|na 19.75 24.85 33.12 26.70 32.60 41.47 29.74
(4.49) (5.03) (5.79) (5.21) (5.75) (6.47) (5.467%
Kokuso-20 15.37 19.75 27.81 19.64 24.40 33.52 23.41
(3.98) (4.49) (5.32) (4.48) (4.98) (5.88) (4.85Y
Kairyoroso 13.76 17.52 22.07 16.62 21.55 25.94 19.57
(3.77) (4.24) (4.75) (4.13) (4.69) (5.14) (4.45¥
Francee 18.11 22.93 32.23 23.11 32.18 43.33 28.65
(4.31) (4.84) (5.72) (4.86) (5.71) (6.62) (5.407%
K.N.G 15.61 0.00 29.24 21.20 0.00 34.75 16.72
(3.95) (0.70) (5.45) (4.65) (0.70) (5.93) (4.10%
*Chinese-white 19.26 28.78 31.92 26.55 30.75 34.70 28.66
(4.47) (5.41) (5.70) (5.20) (5.59) (5.93) (5.407%
Mean for Sand () = 19.49 Mean for Soil gyi= 20.00 Mean for Sand + SoikM™ 30.76
(4.44) (5.4 (5.87)
Mean for Natural condition (GC-I) = 20.73 Mefan Polyhoue condition (GC — 1) = 26.11
(4.4 (5.14)
C.D (p=0.05) SEmz C.D (p=0.05) SEmz
Variety (V) = 0.07 0.03 V x M = 0.13 0.06
Media (M = 0.05 0.02 V x GC = 0.11 0.05
Growing condition (GC) = 0.04 0.02 M x GC = 0.08 0.04
VXMxGC = N.S

*Check
Note: Values in parentheses 0.5 (sq root) transformation values: means fe#ld by similar letter(s) are statistically
identical
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K.N.G 111 0.00 0.96

(2.27) (0.71) (1.21)
Chinese-white 3.26 2.95 2.74
(1.94) (1.86) (1.80)
____________ T I
CD (p=0.05) 0.08

The data depicted in table 16.1 showed that intlahalistance was
significantly highest (3.26 cm) with interaction i@&se-white (check) x Sand
medium while it was significantly lowest with KNG Soil medium of (0.00 cm).
However, amongst the tested varieties Francee xd Saedium recorded
significantly highest internodal distance of 2.02.c
4.2.8 Biomass (Upperground)

Comparing upper ground biomass production of tesgetkties, the data
(table 17) revealed that Limoncina produced thehdsf) biomass of 29.74 g
followed by Francee with 29.00 g, Chinese whitehw25.36 g, Kokuso-20 with
23.41 g, Kairyoroso with 19.57 g and KNG with 15J. However, Limoncina
and Francee were statistically at par among themseéh respect of upper ground
biomass.

The data further indicated that biomass productiomer polyhouse
condition with 26.11 g being significantly higheompared to natural condition
with 20.73 g. As regards the effect of differenbwing media on the upper
ground biomass production, it was observed thamnbgs production in sand +
soil medium with 30.76 g being significantly highttian produced in soil with
20.00 g and sand with 19.49 g.

Table 17.1:. Interaction effect for upper ground bianass (Q)
between variety and media

Treatment Sand Soll Sand + Saoll
Limoncina 23.11 28.55 37.19
(4.86) (5.39) (6.14)
Kokuso-20 17.39 21.96 30.63
(4.23) (4.74) (5.58)
Kairyoroso 15.18 19.48 24.00
(3.95) (4.47) (4.95)
56
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Francee 19.57 23.70 33.00

(4.48) (4.92) (5.79)
K.N.G 18.07 0.00 31.87
(4.31) (0.71) (5.69)
Chinese-white 22.92 25.71 27.37
e (488) (B12)  (5.28)
SE mz+ 0.06
CD (p=0.05) 8.1

Significantly maximum biomass upper ground 37.:a$ recorded with

the treatment combination Limoncina x Sand + Saible 17.1).

Table 17.2:Interaction effect between variety x graving condition
on upperground biomass (g)

Treatment Natural (GCI) Polyhouse (GC-II)
Limoncina 25.61 33.26
(5.11) (5.81)
Kokuso-20 20.67 25.51
(4.60) (5.10)
Kairyoroso 17.64 21.21
(4.26) (4.66)
Francee 21.21 29.53
(4.66) (5.48)
K.N.G 10.92 13.71
(3.38) (3.77)
Chinese-white 23.41 27.38
______________________________________________ 489 (528
SE m+ 0.05
CD (p=0.05) 0.11

The interaction effect between variety and growgongdition revealed that
Limoncina grown under polyhouse significantly imped upperground biomass
over other varieties by recording 33.26 g which i@bwed by Francee with
29.53 g, Chinese-white with 27.38 g. The lowestargground biomass of 13.71 g
under polyhouse was recorded by KNG and the sametyaecorded lowest

upperground biomass of 10.92 g under natural ciamgit
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Table 17.3: Interaction effect between upper-groundbio-mass
between Media x growing conditions

Treatment Natural condition Polyhouse condition
Sand 16.63 22.16
(4.14) (4.76)
Sail 15.42 19.49
(3.99) (4.47)
Sand + Soil 27.70 33.38
______________________________________________ G3L) (582 __
SE m+ 0.04
CD (p=0.05) 0.08

The results (Table 17.3) indicated that Sand + &wedium under
polyhouse condition recorded significantly highegiper-ground biomass of
33.38 g over other media and recorded 25 per cenéase over growing under
natural condition. Significantly lower uppergroutdomass of 15.42 g was
recorded with interaction soil medium under natwahditions which was 26.3
per cent lower over growing under polyhouse coadgi
4.2.9 Biomass (Underground)

The underground biomass production was highest.R& g in Chinese-
white (Table 18). But amongst the other cultiveimsioncina was at par with
Francee and Kokuso-20 producing significantly maorelerground biomass of
1.17, 1.16 and 1.14 g, respectively.

The biomass underground under polyhouse conditias 27 g being
significantly higher over that under natural cogitwith 0.88 g.

As regards the effect of growing medium on the wgieteind biomass
production it was found that sand media recordegniitantly highest
underground biomass of 1.45 g compared to thas&rgm sand + soil with 1.09

g and soil medium with 0.70 g.

58






65

Table 18: Effect of growing condition and media orbiomass underground (q) of different mulberry genogpes

—._..._.Natural condition (GC-1) _._.__.. _._.__._ Polyhouse condition (GCH)_._._ _._.
Sand Soil Sand + Soil Sand Soil Sand + Soil  Varietal
Varieties (M) (My) (M53) (M) (My) (M53) mean
Limoncina 1.29 0.65 0.94 1.87 0.97 1.35 1.17
(1.33) (2.07) (1.19) (1.53) (1.22) (1.35) (1.28%
Kokuso-20 1.10 0.70 1.01 1.75 0.91 1.37 1.14
(1.26) (1.08) (1.22) (1.55) (1.18) (1.36) (1.287
Kairyoroso 0.83 0.72 0.81 1.45 0.86 1.10 0.96
(1.15) (2.10) (1.14) (1.39) (1.16) (1.26) (1.20¥
Francee 1.28 0.65 1.03 1.85 0.95 1.31 1.16
(1.33) (2.07) (1.26) (1.53) (1.20) (1.35) (1.28%
K.N.G 1.09 0.00 0.57 1.84 0.0 1.16 0.77
(1.25) (0.70) (1.03) (1.52) (0.70) (1.28) (1.08f
*Chinese-white 1.22 0.97 1.10 1.85 1.02 1.35 1.27
(131) (1.21) (1.26) (1.53) (1.23) (1.36) (1.32¢
Mean for Sand () = 1.45 Mean for Soil gyi= 0.70 Mean for Sand + SoikjM 1.09
(1.39) (1.08) (1.25)
Mean for Natural condition (GC-I) = 0.88 Meam Polyhoue condition (GC — II) = 1.27
(1.16) (1.3%)
C.D (p=0.05) SEmz C.D (p=0.05) SEmM
Variety (V) = 0.05 0.02 VXM = 0.09 0.04
Media (M = 0.04 0.02 VxGC = N.S
Growing condition (GC) = 0.03 0.01 M x GC = N.S
*Check VXMxGC = N.S

Note: Values in parentheses &e0.5 (sq root) transformation values: meansofedid by similar letter(s) are statistically
identical



S 181
164
1.4
1.2

underground (

Biomass

0.81
0.6
0.4
0.21

0 Sand B Soil O Sand+Soll

Limonicina ~ Kokuso-20  Kairyoroso Francee KN.G
Natural condition (GC-I)

Chinese White

Biomass underground (g)
[2=Y

o
o

@ Sad lSdII:ISand+SoiI‘

2+

1.81

=
P

PP
o N B

[N ==}
PP

Limonicina  Kokuso-20 Kairyoroso  Francee KN.G

Polyhouse condition (GC-I)

Chinese
White

Fig 18: Effect of growing condition and media on

biomass underground (g) of different mulberry
nenntvne:



Table 18.1: Interaction effect for underground bionmass (Q)
between variety and media

Treatment Sand Soil Sand + Soill
Limoncina 1.54 1.13 1.48
(1.43) (1.28) (1.412)
Kokuso-20 1.48 0.79 1.16
(2.42) (12.14) (2.29)
Kairyoroso 1.11 0.77 0.94
(2.27) (1.13) (2.20)
Francee 1.49 0.79 1.21
(2.41) (1.14) (2.31)
K.N.G 1.43 0.00 0.84
(2.39) (0.71) (1.16)
Chinese-white 1.57 0.99 1.21
_________________________________ (144) ____ (L22) . (13D
SE m+ 0.04
CD (p=0.05) 9.0

From the perusal of data it is found that the ram@on effect for
underground biomass was significant between wakehedia and the maximum
underground biomass of 1.57 g was recorded wighttbatment combination
Chinese-white x Sand followed by 1.54 g for Limareix Sand, 1.49 g for
Francee x Sand and 1.48 g for Kokuso-20 x Sand.
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Chapter-5

DISCUSSION

The traditional method adopted for propagation eflrarry stock in the
Kashmir region has been through root grafting.akes around four years to
develop a mulberry sapling by grafting method.Ha first year, seed is sown in
the seed beds and young seedlings are transplaextdear to develop the root
stocks. In the third year, the stock-scion unioesgblished and the saplings are
raised. The process often ends with a low suctéssever, mulberry plants can
be raised by cutting method with relative easehan Kashmir valley. In view of
short comings of grafting, an attempt to screeneahthe existing mulberry

cultivars for propagation through stem cuttingshwitt any artificial treatment
was made during present investigation

5.1 Experiment-|

Influence of variety, position of cutting and growng conditions on

rooting behaviour.
5.1.1 Rooting

During the present investigation it was found thabting percentage
increased significantly to 51.66 in Chinese-whitgnly statistically at par with
Francee, Limoncina and Kokuso-20. This could bebatted to the genetic make
up of the variety. Stem or branch portion are galhewvery good material for
rooting purpose, because they usually have undifteated tissues which may
permit initiation of root primordia, and have bualeeady formed. There might be
better availability of carbohydrates and nitrogeompounds in cuttings of
Chinese-white, Francee, Limoncina and Kokuso-20esé&h findings are in
conformity with findings of Susheelanms al., (1992) who reported variable
rooting percentage among the mulberry genotype® pblyhouse condition
recorded significantly higher rooting percentagel@®6over natural conditions.

The better maintenance of temperature and relativenidity could have
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contributed to the better rooting under controlmhditions (Hartmanret al.,
1997). These results find support from the findirafs Anonymous (1985),
Anonymous (2000b) and Muns#ti al., (2003) which reported higher percentage
of rooting under polyhouse.

Amongst the three shoot positions the basal cugtiegorded significantly
higher rooting percentage than middle and apica&sometter performance of
basal cuttings might be due to their more food nelteeserve status. It is known
fact that because of more maturity and thickneasabcuttings contain higher
amount of carbohydrates and nitrogen compounds riiddle and apical. These
results are in close conformity with the findingsHonda (1972) ,Rodriguez and
Gonzalez (1995) and Peer (2002) who reported highmsentage of rooting in
basal cuttings of mulberry.

5.1.2 Average number of primary roots

During the present investigation it was found tihere was no significant
difference in the number of primary roots amond& varieties barring K.N.G
which could be attributed to the inherent consttutof the cultivars. These
findings are supported by findings of Susheelaghal. (1990) who reported
similar response of different mulberry varietieeeTpolyhouse growing condition
was significantly superior to natural conditions recording more number of
roots. Alizhonov (1983) reported similar findingshite propagating mulberry
cuttings under plastic cover. Amongst the threeospositions, the basal cuttings
recorded significantly higher rooting percentageichhcould be due to the fact
that the basal portion of the cuttings contain argtarbohydrate content thereby
forcing more number of roots from the cuttings (8adl999 and Shanmugavelu,
1975). These findings are also in close agreemédht tive results of Murakami
(1980) who reported that amount of roots of theilegs differed according to the
parts of the shoots from which cuttings were maalso lower portion of the
plants were found more suitable in producing laageunt of roots than younger

ones.
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5.1.3 Length of primary roots

There were non-significant differences with respectength of primary
roots amongst the varieties, except K.N.G whichla¢dae due to the inherent
constitution of the varieties. Basal cuttings relea maximum length of primary
root as compared to middle and apical. Similar Iteswere obtained by
Shanmagavelu (1975) in MR-2.

Cuttings rooted in polyhouse recorded significamtigximum length of
primary roots as compared to cuttings rooted irumatcondition. Maximum
length of primary root under polyhouse might be doeaccelerated metabolic
activity because higher temperature and relativenitity in polyhouse which
resulted in more rapid growth of roots (Hartmahal., 1997).

5.1.4 Height of sapling

All the varieties exhibited significant differende respect of height of
sapling over KNG. Apart from Chinese-white servagycheck, Francee recorded
the highest sapling height, while KNG recorded lIstvsapling height. The
variation in the sapling height of the varietiesllcobe attributed to the genetic
constitution of the cuttings. Polyhouse conditiosignificantly increased the
sapling height over natural conditions. The effefcfavourable temperature and
relative humidity available in polyhouse encourageare root development as a
result of which more absorption of nutrients andisnwe could have favoured
better growth of saplings. Similar findings weresalreported by Singkt al.,
(1999). The present investigation also revealed nieximum height of sapling
was recorded in basal cuttings as compared to middtl apical cuttings. This
maximum height of sapling recorded with basal ogsi could be due to better
root system which in turn absorbed more nutriefdsiga with moisture. These
results corroborate with the findings of Kasivismathan and lyenger (1967) in
local mulberry variety and Peer (2002) in Chinesetey Rokokuyaso and

Goshoerami..
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5.1.5 Number of leaves

Significant differences in number of leaves weresaslied during the
study. Maximum number of leaves i.e. 5.91, was na by Limoncina followed
by Chinese-white, Kokuso-20 and Francee. HowekeM,G recorded minimum
number of leaves. The production of maximum nuntfeleaves in Limoncina
could be attributed to the shorter inter-nodalatist in the variety. The cuttings
planted in polyhouse showed maximum number of leas@mpared to natural
conditions. This could be attributed to the faatthavourable temperature and
relative humidity available in polyhouse resultedtoi active growth of the
saplings in terms of height; thereby increasingrthenber of leaves.

Amongst the portions of the shoot tested, basaiquoof shoot recorded
maximum number of leaves as compared to middleapichl portions of shoots.
The increase in number of leaves could be attribtivethe fact that the inter-
nodal distance was shorter in basal cuttings inpaomon to middle and apical
cuttings. Similar results were also reported by iiaBvanathan and lyenger
(1967) in local mulberry cultivars.

5.1.6 Weight of leaves

Significant variation was observed in weight of Mea Limoncina
recorded significantly maximum weight of leavedduled by Francee, Kokuso-
20 and Chinese-white. Better rooting charactessticLimoncina provided better
nutrition to the cultivars that might have resultedmore leaf weight in the
variety. Further better penetration of sun lightyrhave also contributed to more
photosynthates resulting in more weight of leavBagpel et al., 1993). The
cuttings rooted in polyhouse recorded maximum weihleaves compared to
natural conditions. Better sapling height, miniminter-nodal distance and more
number of leaves obtained in polyhouse conditios bantributed to the more
weight of leaves. It was also found that cuttingsnf basal portions of shoot
recorded significantly maximum weight of leaves pamed to middle and apical

cuttings. The more of weight of leaves in basaliegs could be attributed to fact
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that basal cuttings accumulate more photosynthmétabolites and nutrients in
the leaves.
5.1.7 Internodal distance

Test varieties showed significant differences ispext of inter-nodal
distance with KNG recording minimum inter-nodal tdisce followed by
Limoncina, Kairyoroso, Kokuso-20 and Francee. Céeaehite recorded
maximum inter-nodal distance. The cuttings plantedpolyhouse condition
registered minimum inter-nodal distance in compmariso natural conditions. It
was also found that cuttings from basal portiostudot recorded minimum inter-
nodal distance closely followed by middle cuttings.

5.1.8 Biomass (upperground)

Significant variation in test varieties was obsenm respect of upper-
ground biomass. Maximum upper-ground biomass wesrded by Limoncina
followed by Francee, Chinese-white and Kokuso-20the decreasing order.
Minimum bio-mass was recorded in KNG. The significancrease in the
biomass, exhibited by Limoncina, could be due tximam number and weight
of leaves recorded by the said cultivar. There significant increase in upper-
ground bio-mass under polyhouse condition overrahtiondition. This could be
attributed to the increased sapling height, shoméer-nodal distance, more
number and weight of leaves exhibited under colelotonditions. It was also
found that cuttings rooted from basal portionshaf shoot recorded significantly
higher bio-mass compared to those rooted from raiddid apical portions of
shoot. The more accumulation of photosynthatesaaalbportion of shoot might
have contributed to the increased upperground ssmofthe cuttings. The results
get support from Murakami (1980) who also repomeakimum biomass in the
saplings raised from the lower portions of shoots.

5.1.9 Biomass (underground)

Francee and Limoncina cultivars produced signifigamimore under-

ground bio-mass compared to other cultivars. Amotiger factors responsible,

the length and diameter of the root would have rioumtied to the more under-
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ground biomass of the cultivars. The superioritypolyhouse condition over
natural condition as observed in the findings maydbe to better maintenance of
temperature and relative humidity to the cultivargler the condition. Further,
superiority of saplings from basal cuttings witlgaed to underground biomass
resulted from more rooting percent and more nuralperlength of roots. Similar
results were observed by Murakami (1980) in localbmrry variety and Peer
(2000) in Chinese-white, Rokokuyaso and Goshoevameties of mulberry.
5.2  Experiment-l|

Influence of variety, growing conditions and mediaon rooting

behaviour.
5.2.1 Rooting

During the present investigation there was sigaiftovariation for rooting
percentage in the cultivars and Chinese-white fameked in this context. The
highest percentage of survival in case of Chinelsgewis probably due to its
exotic origin and has been maintained under trépozanditions and higher
survival rate might be due to its exotic origin @hcet al. 1998). Chinese-white
recording highest percentage of rooting also gefgpart from the findings of
Bakshet al., (1995 b) who recorded more than 50% rooting insiel cultivar.
The growing conditions significantly varied withgard to rooting percent and
polyhouse growing marked superiority over natu@iditions as a matter of fact
the congenial growth factors like temperature, flityi and moisture were
available to the cultivars under such controllechdittons resulting in more
percentage of roots over natural condition. Similadings have been reported
earlier by Daset al., (1987) who got encouraging results while studythg
rooting behaviour of tropical cultivars both undeatural and polyhouse
conditions. These results also find support fromfthdings of Alizhonov (1983)
and Shanmugavelu (1975). It was also found thad saedium recorded higher
rooting percentage over other growing media. Thestnpvobable reasons for
maximum percentage of success and survival ofnggtin sand medium may be

due to excellent drainage, absence of spores wfgrolisease causal agents and
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more friability with more aeration, resulting intte availability of moisture in
the rooting zone and better penetration and pralif@n of roots. These results
also find support from the findings of Joéral., (2000).

5.2.2 Number of primary roots

Genotypes vary greatly in their genetic make-up g show variations
in their rooting behaviour, rooting characteristids, root length, rooting depth.
In this investigation the genotype Chinese-whiteorded more number of
primary roots over other genotypes. These resudtsnaconformity with those of
Gupta (1980) and Fotedat al. (1990). The growing media plays an important
role in altering the rooting characteristics ofaigety. The proliferation of primary
roots is more in loose soil compared to compadt Boithe present investigation
the number of primary roots were significantly reglin sand compared with soil
or sand + soil media. This could be attributedn® ¢asy penetration of roots in
sand medium. Similar findings were also reported’ayl and John (1992) in the
rooted cuttings of ornamentals.

Maintenance of optimum temperature and relative idilyn has a
favourable effect on the growth and yield of theanté. Under the polyhouse
condition the requisite temperature, moisture auniefavourably maintained for
the plant. The present investigation revealed gwyhouse growing condition
was superior in increasing the number of primagtsaf mulberry cuttings over
natural growing conditions. These results coul@thebuted to the favourable soil
temperature and better moisture availability todbtings under these conditions.
These results corroborate with the findings of Adizov (1983).

5.2.3 Length of primary root

The present investigation revealed highest lendthpromary roots in
Chinese-white closely followed by test cultivar ldntina and Francee. This
could be attributed to the genetic make up of theety. Earlier Satpathgt al.
(1995) have also reported similar findings. Thendigant increase in the root
length of the cuttings grown in sand over soil aadd + soil media was observed

during the investigation. The reason for longest in sand medium could be that
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the root initiation may have started earlier in thgtings in sand medium which
might have resulted in longer roots in these cg#inlt was also found that
cuttings grown under natural condition didt strike longer roots compared to
those grown under polyhouse condition. The favderawil temperature and
optimum moisture level available to the growingteomight have increased their
length under polyhouse conditions. This could pbipde attributed to the fact
that better aeration to the roots in sand preveated rotting leading to more
penetration in the medium.
5.2.4 Height of sapling

Significant variations amongst the test varietiesrav observed with
respect to sapling height. The maximum height 868 cm recorded by Francee
could be attributed to more food reserve matenalilable in the variety as well
genetic make up. Similar findings have also beederearlier by Tikadeet al.
(1996). The cuttings raised under polyhouse camditiecorded significantly
higher sapling height over those grown under natocmdition. Earlier Peer
(2002) also reported significant increase in theglisg height of cuttings under
polyhouse. The increase in the sapling height updgmhouse condition could be
attributed to the effect of favourable temperatarael relative humidity to the
cuttings which encouraged better increase in theight. The growing media
marked significant variations in the sapling heighthe cuttings and sand + soil
medium recorded the maximum sapling height of 33 &arlier Baghel and
Saraswat (1988) recorded maximum shoot length d2732m of pomegranate
cuttings planted in soil + FYM medium which wassgty followed by sand + soil
medium with 24.66 cm. The increase in the sapliiglit under sand + soil media
could be attributed to better retention of waterthe said medium, hence the
better availability of nutrients to the growing Eags.
5.2.5 Number of leaves

Number of leaves showed a significant variatiorhwdifferent varieties.
Limoncina recorded maximum number of leaves folldwey Francee and

Kokuso-20. Maximum number of leaves in Limoncinasveegcause of the shorter
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inter-nodal distance in the said cultivar. Howe¥eN.G recorded the lowest
internodal distance but number of leaves was lessilse of the death of buds,
which could be due to its poor root developmentitiiar K.N.G had a lowest
sapling height as well. Earlier Baghel and Sarasii888) also observed only
49.69% success in semi hardwood cuttings of pormetgavhich had about 91%
sprouting leading finally to the decrease in thenhar of leaves. It was also found
that cuttings grown under polyhouse condition poetlmore leaves compared to
natural conditions. This could be attributed to tla@ourable effects of the
temperature and relative humidity available todh#ings under the conditions.

The sand + soil medium produced significantly mesves in the cuttings
compared to sand and soil media. This could béatéd to the better supply of
nutrients to the cuttings grown in sand + soil medidue to better retention of
moisture resulting in emergence of leaves from nobshe buds. These findings
are supported by the observation of Yadav and Gos\{#93) who reported that
most effective media to propagaRersea bombycina is sand + soil + FYM
(1:1:1), if number of newly originated leaves pleoat are under consideration.
5.2.6 Weight of leaves

A significant difference was recorded in respectwafight of leaves in
different genotypes, being maximum in Limoncinaldaled by Francee and
Kokuso-20. The increase in weight of leaves mightibe to higher accumulation
of photosynthates due to better nutrition and bettetosynthesis. Earlier Peer,
(2002) has also recorded similar findings. Chakdyand Borgohain (2000) also
recorded similar findings when they observed sigaiitly higher weight in JRH
variety of mulberry. It was also found that cutsngrown under polyhoue
condition produced significantly more leaf weiglihtpared to natural condition.
This could be attributed to better nutrition to thattings under controlled
conditions resulting in more leaves. It was alssenbed that growing medium of
sand + soil recorded significantly higher leaf weigompared to both sand and

soil media. The better retention of moisture indsansoil medium and thereby
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better nutrient supply to the growing cuttings ntigtave contributed to the
increase in the leaf weight.
5.2.7 Inter-nodal distance

Inter-nodal distance is a genetic character ingdeotypes and is almost
unaffected by the treatments. In the present ifgesson although Chinese-white
cultivar recorded the highest internodal distarméded by Francee. However,
the lowest inter-nodal distance was recorded in KNGe variation in genetic
make up of varieties might have contributed to vaeation in the inter-nodal
distance of different cultivars. It was also fouth@t under polyhouse condition
the inter-nodal distance was lower compared torahtonditions. However this
variation in the inter-nodal distance under the gvowing conditions is almost
negligible. Similar results have also been obsebseBeer,(2002).

Growing media exerted very little influence on th&ernodal distance of
cuttings, however sand medium recorded higher gafoe internodal distance
over other media. As a matter of fact, the intedalodistance is a genetic
character with the cultivar and better environmenthe cultivars in sand + soil
medium might have contributed to retain their imedal character.

5.2.8 Biomass (upperground)

The biomass production depends largely upon graWwéracters and yield
contributing characters of the genotypes. In thes@nt study it was found that
Limoncina produced significantly maximum upper-grdibiomass. This could be
attributed to the better sapling height, number ledves and leaf weight.
Limoncina produced maximum number of leaves, reedmiaximum leaf weight
and also longer sapling height. All these factatpéd to increase the biomass of
the cultivar.

The investigation also indicated higher biomassipction of the cuttings
grown under polyhouse conditions in comparisonh® natural conditions. This
could be attributed to the overall affect of saplimeight, number of leaves and
weight of leaves which were found significantly imég in the cuttings grown

under polyhouse because of higher average temperand relative humidity.

70



The findings also revealed higher bio-mass prodacin the cuttings in sand +
soil medium over those grown in soil and sand meBetter performance of
cuttings for shoot characteristics could be du¢htar more food reserve status.
Baghel and Saraswat (1988) also reported bettésrpgance and more dry matter
percentage in the pomegranate cuttings in solM fedium.

5.2.9 Biomass (underground)

In the present investigation the Chinese-white oggre far excelled in
producing more under-ground biomass. However it @lasely followed by the
tested varieties viz; Limoncina, Francee and Kok2@oThe increased under-
ground biomass production observed in the genotgpe&l be attributed to the
more primary roots and better length of the primamgts. It was also found that
cuttings grown under polyhouse condition recordiggthdér under-ground biomass
compared to natural conditions. The more bio-maesyztion in the polyhouse
might be due to availability of favourable temparat and relative humidity
necessary for root initiation and their developm@tartmanet al. 1997). These
results are in close conformity with the resultsAsfonymous (2000c) which
reported higher rooting percentage under polyhouse.

Present study further revealed more under-grounth&ss production of
the grown cuttings in sand medium compared toawil sand + soil media. The
probable reasons for this increase in bio-massrgnolend could be attributed to
higher rooting percentage, higher root length armenroot production in sand
due to better root in sand medium penetration @ad proliferation leading to

higher biomass production.
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Chapter-6

SUMMARY AND CONCLUSION

The investigation entitled “Screening of some pmMy temperate
mulberry (Morus spp.) cultivars on the basis of their rooting bebav using
different media and growing conditions’ was undegtain the experimental Farm
of the Division of Sericulture, Mirgund during 2003. The important findings
made during the study are summarized as follows:

6.1 Effect of growing condition and shoot position

Amongst different cultivars Chinese-white servirggcheck, being at par
with Limoncina and Francee, recorded significartighest rooting percentage.
Basal cuttings proved significantly superior totbatiddle and apical cuttings in
producing more rooting percent and amongst groweimigditions polyhouse for
excelled over natural condition with regard to hegtpercentage.

With regard to length of primary roots the varisti€hinese-white,
Francee, Limoncina and Kokuso-20 were significaatlypar among themselves
but produced significantly higher length of primaoots over other varieties. The
basal cutting recorded significantly higher primaopts over middle and apical
cuttings. Growing under polyhouse proved betterromatural condition in
significantly increasing the length of primary reoEurther, the interaction effect
between variety and shoot position was found tsigpeificant.

With regard to underground biomas Francee prodsggdficantly more
underground biomass over other cultivars. Basatincutproved significantly
better over both middle and apical cuttings. Polig® condition was more
favourable over natural conditions. The interactedfect between variety and
shoot position was found significant.

Chinese White cultivar recorded significantly tatlesaplings from the
basal cuttings under polyhouse conditions. Simieults were also observed in

case of internodal distance. As regards the nurobégaves Limoncina, at par
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with Francee, produced significantly higher numbérleaves from the basal
cuttings grown under polyhouse. Similar resultsenadso observed with regard to
weight of leaves and upperground biomass.
6.2  Effect of growing condition and media

Chinese-white (check) cultivars proved significgnduperior to other
cultivars in rooting percentage though being diatily at par with Limoncina
and Francee in this respect. Amongst differentvgrg conditions the rooting
percentage was significantly higher under polyhamssr natural condition. Sand
medium encouraged significantly higher percentaigeoots over both soil and
sand + soil media.

All the cultivars were significantly superior to KNwith regard to the
number of primary roots. Chinese-white recordeaificantly highest number of
primary roots. Polyhouse condition proved signifila superior to natural
condition in the number of primary roots. Amongsége different media sand
proved significantly better with regard to the nwmiof primary roots. The
interaction between variety and media was obseteele significant for this
character. Similar findings were also made for tbegth of primary roots,
however, in addition to KNG, Kairyoroso cultivaroped significantly inferior to
others.

Chinese-white (check), statistically at par withmioincina and Francee,
recorded significantly more underground biomasg otleer cultivars. Polyhouse
condition provided significantly more undergroundorbass over natural
condition and sand medium proved significantly éretover both soil and sand +
soil media in this respect. Besides, the interacéifiect between variety x media
was found significant.

Sapling height was significantly highest with CleaeWhite (check).
Amongst growing conditions, polyhouse significanthcreased sapling height
over natural conditions, while sand + soil mediurovided significantly taller
sapling over both sand and soil media. Furtherititeraction effect between

variety and media was found significant with regrdapling height.
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All the varieties showed marked variation in intedal distance.
Limoncina cultivars produced significantly highesimber of leaves. Amongst
growing conditions polyhouse favoured significantigher number of leaves
over natural condition. Sand + soil medium wasdveiver sand and soil media in
producing significantly higher number of leaveseTihteraction effect between
variety and media was also found to be signific&imilar findings were also
made with regard to the weight of leaves, howevdy the interaction between
variety x growing condition was found significant.

With regard to the upperground biomass Limoncinaugfin at par with
Francee and Chinese-white recorded significantlyemapperground biomass.
Growing of cultivars under polyhouse in sand + soéddium gave significantly
higher upperground biomass over natural conditimh @her media, respectively.

The interaction effect between variety x media feamd significant.

CONCLUSION

The investigation made it clear that the mulbemiticars viz; Chinese-
white, Limoncina and Francee exhibited better raptcharacters when grown
under polyhouse conditions. Besides sand mediuweprsuperior to both sand +
soil medium with regard to the rooting charactarssof the cultivars. However,
for shooting characteristics sand + soil mediunvedobetter over both soil and
sand media. Again, the shooting characters of tigvars were encouraging in

basal cuttings over middle and apical cutting.
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APPENDEX-I|

Analysis of variance for Experiment-I

MEAN SUMOSQUARES

Source of variation d.f Rooting Number of Length of Height of Number of
percentage primary roots primary roots sapling leaves

Variety 5 2342.0** 0.5585** 4.8027** 21.5910** 3.5709**
Position of shoot 2 8838.6** 4.3602** 13.7569** 26.4222** 9.5439**
Growing conditions 1 2847.0** 3.9257** 4.7695** 4.3448** 5.5226**
Variety x position of shoot 10 140.7** 0.3261** 3.6125** 2.7674** 2.0764**
Variety x Growing condition 5 129.0** 0.1504 0.0130 0.6007 0.2254
Position of shoot x Growing 2 257.8 0.2933 0.1490 0.2421 0.1454
condition

Variety x Position of shoot x 10 35.1 0.0638 0.0176 0.1590 0.0879

Growing condition

Error 72 51.3 0.1440 0.0218 0.4601 0.1357




APPENDEX-II

Analysis of variance for Experiment-I

MEAN SUM OF SQUARES

Source of variation d.f Weight of leaves Internodal Biomass Biomass
distance upperground underground
Variety 5 0.75073** 1.32750** 4.8128** 0.15084**
Position of shoot 2 3.79935** 0.40126** 18.2162** 0.74045**
Growing conditions 1 4.56990** 0.05684** 5.8679** 0.67907**
Variety x Portion of shoot 10 0.98224** 0.08085** 2.6176** 0.07848**
Variety x Growing condition 5 0.17239** 0.02479 0.0840** 0.00775**
Position of shoot x Growing 2 0.55532* 0.00317 0.3447** 0.03923
condition
Variety x Position of shoot x 10 0.02534 0.01069 0.0634 0.02358
Growing condition
Error 72 0.02534 0.005 0.0147 0.007




APPENDEX-III

Analysis of variance for Experiment-II

MEAN SUM OF SQUARES

Source of variation d.f Rooting Number of Length of Height of Number of
percentage primary roots primary roots sapling leaves
Variety 5 3546.57** 2.2596** 4.7943* 28.0719* 5.1934**
Media 2 4728.84** 8.6188** 11.2929** 7.3694** 14.2780**
Growing conditions 1 3036.19** 6.7947** 3.8055** 5.6337** 6.997**
Variety x Media 10 135.20 0.5426** 3.8411* 5.1628** 4.5962**
Variety x Growing condition 5 186.45** 0.2102 0.0308 0.1126 0.1258
Media x Growing condition 2 186.56** 0.2771 0.3004 0.1599 0.0380
Variety x Media x Growing 10 19.38 0.1434 0.0126 0.1234 0.0404
condition
Error 72 60.99 0.1200 0.04 0.14 0.08




APPENDEX-IV

Analysis of variance for Experiment-II

MEAN SUM OF SQUARES

Source of variation d.f Weight of leaves Internodal Biomass Biomass
distance upperground underground
Variety 5 3.2430** 1.25254** 7.9504** 0.13558**
Media 2 12.1341** 0.17792** 18.7270** 0.89146**
Growing conditions 1 9.7576** 0.04210** 7.7612** 0.61596**
Variety x Media 10 2.1475 0.10297** 6.1389** 0.05904**
Variety x Growing condition 5 0.1402 0.00264 0.1513** 0.00364
Meida x Growing condition 2 0.0096 0.00177 0.0437 0.05687
Variety x Meida x Growing 10 0.0744 0.00081 0.0686 0.00467
condition
Error 72 0.03 0.003 0.0131 0.00635







Appendix-V

Weekly meteorological data from March 2002 to Jun2003

Standard Maximum Minimum Relative Total
week Temperature temperature humidity rainfall
(°C) (°C) (%) (mm)
9 March 11.7 1.7 68 2.0
10 11.4 1.2 66 46.6
11 19.1 2.3 52 0.0
12 16.5 6.3 69 59.4
13 18.4 4.8 61 2.8
14 15.5 6.6 73 31.3
15 23.1 6.1 56 0.0
16 29.9 7.5 59 0.0
17 16.0 7.7 79 40.2
18 22.6 8.0 66 3.4
19 26.5 9.2 67 3.1
20 26.4 10.0 69 17.2
21 29.1 8.9 53 0.0
22 27.6 11.8 59 19.4
23 29.7 12.4 58 5.0
24 28.3 13.9 68 38.9
25 28.4 13.4 68 20.1
26 28.9 16.1 74 18.0
27 31.4 15.3 70 0.0
28 31.3 14.2 68 0.0
29 31.1 17.1 69 3.5
30 29.5 14.9 71 13.2
31 30.9 15.5 75 0.0
32 31.5 18.6 77 15
33 26.6 15.3 79 315
34 30.1 17.3 75 21.7
35 28.0 16.2 81 23.9
36 24.7 11.2 50 13.6
37 25.2 11.7 74 11.1
38 25.8 9.8 76 4.0
39 24.4 7.7 71 0.0
40 26.4 6.6 77 0.0
41 23.6 7.9 76 20.0
42 21.8 5.9 79 2.8
43 21.1 2.3 74 0.0
44 21.2 1.2 71 0.0

Contd..




45 20.0 2.8 72 0.0
46 18.5 0.6 67 0.0
47 17.3 -1.3 65 0.0
48 15.9 -2.9 65 0.0
49 11.9 -3.1 69 0.0
50 10.4 0.8 68 0.0
51 6.8 0.8 90 8.2
52 9.2 -1.3 78 1.6
1 Jan 12.0 -4.7 70 0.0
2 11.1 -6.0 67 0.0
3 10.5 -2.8 64 0.0
4 10.5 -1.3 60 7.2
5 7.7 -0.7 83 31.9
6 9.7 -0.6 75 56.6
7 8.2 0.7 82 106.0
8 7.6 1.4 75 127.4
9 9.0 -0.2 72 16.0
10 12.2 3.0 74 7.0
11 17.3 4.8 69 0.0
12 16.6 6.0 74 22.7
13 18.2 4.8 68 20.4
14 23.3 8.0 70 6.2
15 18.4 7.0 79 53.9
16 21.2 8.8 72 47.8
17 18.6 6.8 69 45.2
18 21.8 6.0 61 6.4
19 25.5 7.2 54 0.0
20 20.8 10.0 76 32.8
21 26.0 9.4 64 1.0
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