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INTRODUCTION

The 8tate of Kerasla agcounts for 96 per cent of the
area and production of black pepper in the oountry. However
the productivity has been arcund 200 gm/stendard. One of the
reasons for the low productivity is the dearth of superior
quality plsnting materials of high yielding varieties and
hybrids. Lazge scale multiplication of selected clones through
vegetative propegation will help to incresse production of
pspper to & considerable extent. In Kerxrela, the most commerciaslly
sccepted method of propagation is by rooted cuttings beceuse
of the esse and economy of the operxation.

8ince laxge scale multiplication of the cuttings is
one of the major and critiezl inputs in the whole production
~eycle, a lot of attention is required on varicus aspects of
propagation of pepper by cuttings to obtain maximum number of
planting materisls. The aveilability of planting materiasls
often limit the extension of plented area. Systematic studies
were therefore undertaken to compare the rooting efficiency of
different types of planting meterials under varying environmental
conditions with growth regulator treatments. The major
objectives of the present study wvere:



(1)

(2)

(3)

To compare ths rooting behaviour and the root

growth parsmeters of laterzls (plageotrophs) with

other types of planting materials viz., runners (stolons),
growing shoots (orthotrophs) and hanging shoots
(geotrophs) .

To £ind cut the effect of different growth regulators
on rooting of planting materials.

To study the anastomy of shoots and roots and to relate
the anatomiczl features with root initiation and
development.
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REVIEW OF LITERATURE

In pepper, propagation through cuttings
continues to be the most vwidely sccepted practice. This
is less expensive, more rspid snd does not require any
special technique Or care, more over the genetical purity
osn be maintained. However, the success in this method
is often governed by ssveral factors.

2.1.1 Effect of sesason on rooting of cuttings

Though it is possible to make cuttings during
any time of the year, tha season of collection of cuttings
has been reported to be one of the key factors dstermining
the success of rooting in meny plants.

Kambiar snd Kurian (1963) reported 90 to
938 per ¢ent rooting vhen pepper cuttings from selected
mothexr plants were planted during March and 80 t0 90 per ecent
survival when these rooted cuttings wvere transplented two
months after rooting. Aecording to Shenthamallish gt sl.(1974)
s maximum gprouting of 78 per eent and rooting of 72 per cent
vare obtained when cuttings were planted in June. However,
increasing trends in both sprouting and rooting were observed



when planting was done from Marxch to June and that will
depend upon the climatic factors prevailing in that

tract. 8ince break of dormancy in March caused mobilisation
of starch along with enhanced suxin activity, rooting from
Mazch to July was better, the highest being in June.

Nambiar gt sl. (1978) reported that Pebruary-March is the
most ideal se2son for raising pepper nursery under northern
Kersla conditions. For air layering June to August was
found to be most idesl.

Dolsr (1960) obtained about S0 per cent success
in marcotting of young shoots vhen done with the onset of

monsoon.
2.1.2 8Selection of mother plants for cuttings

Pillai and Sasikumaran (1977) reported that the
superiority of mother plants selected for taking cuttings
should be studied for atleast one geeson and preferasbly for
three seasons. MHe also stressed the importance of age of
mother plants for selection of cuttings. Young plants of age
sbout five years produced healthy robust and vigorous shoots
which struck roots easily compared to shoots from plants of
10 or 15 years. It has been proved in many plants that
cuttings teken from 0ld mature plants are difficult to root
while cuttings from young plants roct easily (Bssu gt 2)., 1983).



2.1.3 Physiological stage of cuttings on rooting

In seversl plants cuttings are taken either from
vegetative or flowering shoot, irrespective of the fact
that rooting potential varies between these two Wl.
Large scale cultivation of improved varieties of pepper is
mainly handicapped by the inasdequats availability of
planting materisls. Of parsmount importance for securing
saximum suecess in rooting and post srensplant survival of
rooted cuttings is the selection of cuttings of proper
maturity and of the right physiclogicsl stage of growth.

Senford (1955) in Saraswak found that immature
vines struck roots better compared to mature ones. John (195%5)
found that semi herbscecus cuttings vare the best planting
materials owing to its active metabolic state and also

favourable CiIR ratio.

Gareyar and Corbera (1957) stated that the most
ideal shoots for propagation were those that ceased
elongation sfter the remcval of terminal duds. Agcording to
them progenies raised from terminsl cuttings were fester in
growth and fruited within three years. The plants from
bagal shoot cuttings tock five yeers to fruit. The plants
from basal shoot though bushy were largely unprodictive.



Abraham (193%9) reported thet the removel of top fruiting
latezxal h:u;ehn wes highly detrimental to the productivity
of mother vines and therefore, runner shoots originating
from the basse of the vine were to be selected as planting
materials in pepper.

Hasan and Iljas (1960) obtained dwarf bushy plents
by grafting pieces of fruit besring shoots as scion on the
root stocks of Piper hirsutum and Piper arifolium.

Gillot and Van Dingenen (1960) reported that for
vegetative propeagation, semi hardwood cuttings were the best
planting materials but should be well supplied with nutrients.

Observations made in Philippines showed that
when Piper nigrum was propegated by marcotting of fruiting
branches, the marcots devaloped into non climbing Awart
plants with bushy habit which vere found to be prolific and
early bearexrs (Anocn, 1961).

Hughes (1966) reported that single node cuttings
of primery wood resulted in 90 to 95 per cent rooting while
cuttings of secondary wood rooted poorly resulting bushy
plants. Porres (1966) observed that in peprer grafting semi
hardwood materials resulted in 70 to 78 per cent success while
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success was only 10 to 15 per cent in herbacecus material.
Choudhury and Phadnis (1971) in their studies found that
leef bud cuttings wvere superior to hard wood cuttings with
or without growth regulater treatments.

Pilles (1977) reported that pepper vines of cv.
'‘Karimunda' when raised from rumners, hanging shoots or
latexrals, the yield difference was slight in the first four
years of bearing. But in the £ifth ysear highest yield was

cbtained from runners.

Trials conductad by Bavappa and Gurusinghe (1970)
indicated that cuttings from primery vines and ground
runners were on par in their rooting sbility snd beth cculd
be used for propagation depending upon the availability of
the materials. Genetically cuttings from these two types
of shoots from the same vine could not dbe expected t0 produce
any difference. Lateral brenches were not useful for
propagation since they grow as bushy plants producing only
limited cancpy.

A study by Nambiar gt al. (1978) using pre-rooted
cuttings from all the four types of pinntinq matarials vis,,
growing shoots (Orthotrophs), hanging shoots (Geotrophs),
runners (Stolons) and latexals (Flageotrophs) revealed that



runners were the best planting materials, with respect

to rooting and establishment. Chandy and Pillesi (1979)
reported that pepper vines ¢an de propagated using growing
shoots, top shoots, lateral shoots, hanging shoots and
runner shoots. Runner shoots were found to be the best
planting material. 8tudies conducted at Pepper Research
Station, Penniyur (1980) revealed that maximum flowering
and yield could bs obtained from vigorous runner shoots as
it established in :che mainfield quickly and easily.

Pillat (1977) produced bushy plants of black
pepper suitable for .rowing in flower pots. Horisontel side
branches or fruiting branches of a 12 year 0ld vine could
give about 1 kg green pepper per year after two yeers.
Cardesodd((981) slso produced bushy plants from horisontel
shoots of pepper vwhich yielded 1.76 kg/vine whereas the
yield was only 1.65 kg/vine for vertical cuttings.

Ixulappsn gt al. (1981) used three nodal cuttings
taken from the upper latersls snd fruiting branches and
single node cuttings from runner shoots for planting. Of
these the maximum percentage of rooting (84.3) was recorded
in cuttings taken from upper laterals and this was immedictely
followed by single node cuttings taken from rumner shoots
(76.0 per cent). |



2.1.4 BEffsct of position of cuttings

Veriation in rooting percentage of cuttings taken
from different portions of the shoots were studied by many
workers. In blsck pepper semiherbaceous cuttings taken
from the middle portion of the stem rooted better than the
herbececus cuttings from soft terminal portion or vwoody
cuttings from the hard suberised portions of the shoots.

The percentage of rooting and sprouting in semi herbacecus,
woody snd herbaceocus cuttings were 38, 27, 26 and 36, 39, 18
respectively (Shanthamellish gt 3l., 1974).

Middle one third portion of the runnar shoots was
found €0 be the best planting matsrial for better rooting,
growth snd final yield when compared to top one third and
lower one third portion Nambiar gt al. 1978)

2.1.5 Effect of number of nodes in cutting

There are differences in opinion among differsnt
workers regarding the number of nodes to he retained in the
stem cuttings used for planting. Alimirante (1958) observed
that cuttings with seven nodes rooted first but those with
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five nodes survived bettsr and produced vigorous plants.
High percentage of suecess was obtained with single

node leafless cuttings, but survival wvas high vhen leaf

was retsined (Indian Counsil of Agriculturzl Research, 1986).
Agcording to Xurup (1936) verticslly plented single node
cuttings with about 2" stem above and below nodes without
leaves induced growth more rapidly but the parcentage of
survival was less. Gillot and Van Dingenen (1560) found
that orthotropic cuttings with & single node and a basal
internode or & plageotropic interncde with a orthotropic
node and a plageotropic internode with or without en
orthotropic heel were the best planting matexisls for
vegetative multiplicetion, One yesar o0ld orthotropic custings
of about 60 om long and with five ¢t0 seven nodes were found
to be the best glanting material in pepper (Institute of
Resesarch in Tropical Agronomy and Tissue Culture, 1965).

There is wide veriation in the scurce cof plenting
material and sise of cuttings used in different countries.
In Malaysia, cuttings with five to seven nodes taken from
actively growing terminal vines elone are used for planting
(Kiow and Chou, 1973) while in India two to three ncde
cuttings collected from the ground rumnners age generally
preferred as planting meteriasl (Central Plantation Crop

Research Institute, 1976).
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In pepper hybrid Panniyur-I, Nambiar gt al.(1978)
conducted a study on rooting behaviour with four to six
node cuttings and two node cuttings. They found that two
node cuttings vere the best plenting materials resulting
maxisum rooting and field establishment.

Bavappa and Gurusinghe (1981) developed & rapid
multiplication technigue in pepper by raising one node
cuttings and they asdvocated this method whenever planting

material is scare.
2.1.6 Effect of growth regulators on rooting of cuttings

The discovery of natureally oecurring suxins like
IAA (Indole-acetic acid) and synthetic auxins like IBA
(Indole butyric acid) was a milestone in the history of
propagation and was of resl value in stimulating the produ-
etion of adventitious roots in stem cuttings in severeal
horticultursl plants (Linder, 1939).

Grace (1939) tested a series of indole and
naphthalene substituted acids and reported that IBA was
the most cffective suxin in inducing roots in stem cuttings
smong the indole series. Indole series in general were
more effective than the naphthalene series. Audus (19%9)
stressed the commercisl use of IAA, IBA and RAA for better
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rooting and establishment of cuttings in horticultursl
cxops. Besides these, the combinstion of the sbove suxins
with 2,4-D (2, 4 dichlorc phenoxy acetic acid) and various
chemical preparations like ‘rootone’ °‘hormodin' end ‘seradix’

are 8lso used in lesser extent.

Seversal studies have been carried ocut to study
the effect of growth regulators on rooting of cuttings in

pepper.

Cooper (1953) noticed 75 per cent rooting on 21st
day when leaf cuttings of pep;er with petiocle and bud were
treated with IBA at 2 mg/lit and planted in coirdust media.
Winters and Musik (1963) found that rooting of latersls
markedly improved by treatment with ‘rootone’' and resulted
bushy plents. Leite and Inforsate (1966) obtsined meximum
rooting of 62.5 per cent vhen base of the pepper cuttings were
imcersed in RAA 50 mg/lit, while IAA st the same concentration
resulted maeinly shooting. Aeccording to Hurov (1967), blaek
peppexr cuttings when dipped in 0.2 per cent IBA and placed
in rooting media recorded the best results. 7This was slso
confirmed by Larcher (1970) who found that three node cuttings
dipred in 0.2 per cent 1IBA before planting improved rooting
pexcentage, root number and root length compered to untreated
cuttings.
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Choudhury and Phadnis (1971) obtained best
results in rooting of leaf bud cuttings with Seradix-B,
IBA + MAA at 25 or 30 ppm and IBA at SO ppm. Trials
conducted at Pepper Research Station, Panniyur, Kerala (1961)
revealed thet when basal portion of pepper cuttings were
treated with IBA 1000 ppm it induced bettar rooting compared
to those treated with utadtx-ll, 12 or l,.

S8tudies by Irulsppen g% 21. (1981) in Tamil Nadu
revealed the highest percentage of rooting (84,.3) of upper
lateral cuttings trested with IBA 3000 ppm as against low
percentage (31.3) in control. Other promising treatmsnts
included the single node runners trested with IBA 2500 ppm
and 7300 ppm which produced 76 per cent and 72,6 per cent of
rooting respectively.

Pillai ot a]. (1982) conducted a study using two
node cuttings of pepper dipred in 1000 ppm IBA for 15 ¢o 60
seconds and then planting in s rooting medium. Cuttings
dipped for 45 seconds produced highest percentage of rooting
on 20th and 90th day of observation. However, the shoot and
leaf development was maximum in control. Hedge (1983)
reported that three node cuttings treated with IBA 25 and 30 ppm
rooted better than those treated with 1IBA 25 ppm + RAA 50 ppm
or IBA 50 ppm ¢+ NAA 25 ppm.
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2.1.7 Method of spplication of growth regulators

Willisms (1943) experimented with the cuttings
of certain broad leaved evergreens using commercial hormone
preparations such as ‘hormedin' and ‘rootone' by soaking
and dusting method to promote rooting of cuttings. The result
of the studies indicated that the cuttings treated with
solution forms resulted in higher percentage of rooting
than dust treatments.

Zimmerman (1949) stated that though there are
different methods of treating the cuttings with hormones,
dipping the cuttings in a concentrasted sclution for a short
period was the sasiest and convenient to practice, where
large number of cuttings were to be handled.

Audus (1939) after studying the effect of growth
regulators on rooting of cuttings concluded that the growth
regulators could de applied in variocus form vig,, po!d.r.
concentrated dip, 4dilute solution dip, or as paste.

The effectiveness of these treatments often veried with plant
species and type of chemical used.

Cardaso (1960) working on pepper reported that
treating the basal portion of the cutting with a sclution of

Seradix A resulted 65 per cent suecess, very high concentration
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was found to be injuricus. DPipping the ends of cuttings
in seradix powder also revealed some beneficial effect on

rooting.
2.1,8 Effect of rooting media

| A wide range of rooting medies have been tried by
many workers for the rooting -Mh- of various horticultural
species. Plants diffigult to root might be greatly influenced
by rooting medium, not only in the percentage of cuttings
rooted, but also in the quality of root systam formed
(Long, 1932). The generally recommended media for rooting
of cuttings are sand, peat, moss (Smith, 1944).

It was reported that heeled cuttings of lateral
shoots produced maximum rooting vhen planted in 8 rooting
medium of 90 per cent sand and 10 per cent leaf mold (Anon, 1938).
Agcording to Richards (19353) pepper and betel cuttings produced
more roots and shoots when planted in dust and fibre than in
sand or soil. Propagation studies in blasck peprer by
Konstantinov and Bodrova (1962) indicated that plants trained
on poles covered with damp sphagnum moss rooted well at
the nodes.
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2.1.9 Envirocnmmntal conditions on rooting of cuttings

The planting enviromment of the cutting for
rooting should ensure their msintenance without affecting
the conditions of cutting at the same time enebling them
initiate and develop new roots. Studies by O'Rourke (1940)
and Garner (1944) indicated that cuttings subjected to
intermittent mist at high light intensity rooted better as
it prevented desicetion. Hess and Synder (1957) studied
the beneficial effects of mist on rooting of cuttings.

The major environmental conditions thet influence the roocting
of cuttings sre light, relative humidity and temperature
(Gazner gt al., 1976).

Creech (19538) reported that single node cuttings
of black pepper when planted in a close propagating cese
with low light intensity and high humidity resulted 88 per cent
tootinq. An early and maximum rooting was obtained when the
cuttings werz planted in washed sawdust or prepared soil
taken in a Trinidad type cegeo propagator kept under
95-100 per cent relative humidity and 20 to 30 per cent light
intensity (Garaysr and Corbers, 1987).

Tarasenko and irmakov (1966) noticed that mist
under plastic film resulted maximum rooting in terms of
pergentage, number and length of roots. The length of shoots
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vas also maximum in this cese compared to cuttings planted
in frames without mist or glass hocuse or open conditions
with mist. Hughes (1966) described the use of a glass
covered mist chamber for the rooting of cuttings in black
pepper. 8ingle node cuttings of primery wood resulted

90 to 95 per cent rboung while rooting was poor in seccndary
wood.

Kamp (1962) compared the rooting and field
sstablishment of black pepper cuttings by thres methods
viz., bush bed, bamboo pot and mist propagstor, and found
thet bush bed was the best method with regard to the asbove
aspects. Mist propagator was also equally good but the cost
of establishaent was higher.

Senanayske and Kirthisingh (1983) stated that
cuttings of black pepper planted under 50 per cent ghade and
providing frrigation once in three days gave maximum number
of roots with highest dry veight of shoots and roots.

2.2 Anatomical studies on rooting of cuttings

Anatomicel studies in relation to type of cuttings
and their roct 4dnitiation in black pepper sre seem to be
meagre. The few works conducted are mainly confined to the
general anatomy of shoots and roots.
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2.2.1 8tructure of stem

Bond (1931) deseribed the presence of sn endodermis
in the serial stem of pepper and is developed only in
associstion with the outer ring of vascular bundles. It is
with inconspicucus casparisn thickening on the ocuter side
of the corticsl bundles and was continucus over rays and
outer vascular bundles. Agcording to him endodermis is a
veatigial structure of no primary importence in the internal
economy of tpe stem.

Metcelfe and Chalk (1950) reported that stem
structure of peprer showed characters of doth monocots and
dicots. The vascular bundles were arranged in s definice
pattern in two layers; outer ring considering of corticsl
bundles and inner ring of medullary bundles. Vascular
bundles were found to be open and & distinct cambiur present
in both cortical and medullary bundles.

Garner and Beakbane (1968) observed en cuter
epidermis which was found to be continuocus over the rays
and outer vascular bundles. According to them seccndary growth
in pep;.er was typical to that of dicotyledonous vine and
vasculer bundles remained descrete even after the secondary

thickening.
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Datta and Dasgupta (1977) studied in deteil the
vasculature of genus Piper and compared it with those of
genus Psperomia and genus Chlorenthusg. According to them
the number of periphersl bundles was 20 to 24 and medullery
bundles 9 to 12 in Piper pigrum. BEach xylem had mostly
3 to 9 trecheary elements and enclosing & group of parecchymasious
cells (mostly 8 to 18) forming & semilunar patch.

2.2.,2 Development of roots

Agcording to Hartman end Kester (1972) formation
of adventitious roots from stem cuttings took place in
three steges in gencral; first - dedifferentiation and raspid
division of some pearenchymatous €ells to produce root
initialess secondly estsblishment of & recognisable root
primordium with & meristematic root apex from these cells;
and finally development of vascular connection snd smergence
of root primordium by rupturimg the cortical tissue of stem.

It was reported that in some plants pre~formed
root initiels vwere present in the intect stem even before
cuttings were made snd lie dormant until the stem were _mcdc
into cuttings and placed under fevocurable co: ditions
(Caxlson, 1938, 1950; Carpenter, 1961 and Hartmen and
Kester, 1972).
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Priestly and Wwingle (1929) described the
origin of roots in stem guttings as from a group of
meristematic cells namely rxoot initisls which were locelised
Just outside and between the vascular bundles in many plants,

Different views exist with regard tc the emergence
of growing root through thecCortex. It has bsen reported
that some hydrcolytic ensymes are involved vhich dissolves
away the cortical cells (Bomnet, 1969:; Bell and Mc Cully, 1970;
Karas and Mc Cully, 1973). Ac¢cording to Mg Cully (1978)
agein hydrolytic ensymes played major role in the penetration
of roots an? the role of mechanical pressure very negligible.

2.2.3 Structure of root

In most of the dicctyledonous roots coortex is
mainly constituted of parenchyms ¢ells and these cells are
some times arranged in redial rows, particulerly in the
inner layers (Pahn, 1974).

Dagtas and Dasgupts (1977) studied the srrangement
of vzscular bundlesz in the root of Piper evolved from a
central cores of trechezry elements to & continuous ring

or rediating tracheary plates.
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MATERIALS AND METHODS

The present series of studies were carried out
in the Centre for Advanced Studies on Humid Tropicel Tree
Crops, College of Ho:ﬁeulture. Vellanikkeare during the
periods from March 1987 to Jeanuary, 1988. The studies
mainly consisted of the following two aspects.

3.1 Propagation ’t.hromh cuttings

The cuttings were taken from 10 year o0l1d healthy
vines of black pepper c¢v. Panniyur-1 maintasined under the
KADP Project ia the main campus of Kerals Agricultur:zl
University.

3.1.1 BSeslection and prepsgation of planting materisls

The cuttings were prepared during March 1987 from
all the four types of shoots vis. runners (stolons) growing
shoots (orthotrophs) end hanging shoots (geotrophs) and
laterels (plageotrophs) (Plate 1). The middle portion of the
shoots were selected to prepare cuttings.

8ince the laterals failed to root during March,
the studies vere repeated during June, thres months after

hervest.
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Two nodel cuttings were taken from runners
(stolons), growing shoots (orthotrophs) and hanging shoots
(geotrophsa). The cuttings wers made just below a node
leasving 1 om in the basal portion. The le2f blades were
removed carefully keeping the base of petiole intact and
cuttings were made into bundles of fifty esch, for treating
with growth regulators 8t variocous concentrations. In the case

of laterals, three nodal euttin@a were used for planting.
3.1.2 Preperation of nursery

Polythene bags of 250 gauge 2nd 285 x 20 om sisze
were used for planting the cuttings. The bags were filled
with potting mixture consisting of Farm yard manure, ssnd
and top seil in 1311311 retio snd required number of 440 bags
were asrranged in rows undeg partisl shade as well as inside
8 mist chamber. The temperature and relative humidity inside
the mist chamber were adjusted by providing mist for 3 aminutes
at hourly interval from 8 AM, to 6 P.M, every day during

the course of the investigation(riale-u).
3.1.3 Effeot of growth regulators on rooting of cuttings

The two growth regulators namely IAA, IBA end
their combinetion esch at & concentretion of $00, 10C0,
1500 ppm and s ecommercial preparation Sexradix B were used in



Plate I. Different types of planting materials used for planting

Plate II. Cuttings planted for rooting under mist condition
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Plate

Plate II
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the present study. The experiment was laid out in CRD.

Twe hundred cuttings were treated under each of the

followving eleven trsatments.

Ixsetment det:ils
T, - Control
Ta - Seradix.®
Ty - IAA 1300 prm
?‘ - IAA 1000 ppm
ts - AN 500 ppm
T, -  IBA 1500 ppm
r, - IBA 1000 ppm
ra - IRA 3500 ppm
Ty - IAA + IBA 1500 ppm
Ty0 - IAA + IBA 1000 pom
111 - IAA + IBA 3500 ppm

Hundred cuttings each of all the four types of

planting materisls trested with each of the above chemicel

wezre kept under mist and open conditions for rooting.

(1) Preparation of growth regulators

A stock sclution of

1%00 ppm eech of IAA and 1IBA

were prepared separately by dissolving 1.5 ¢ of respective

growth regulator in minimum quanticty of slcohol and
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subsequently diluted with glass distilled water and made

up the volume to one litre. All the treatment solutions
including the IAA and IBA combination of required concentraticns
were prepared from the stock solutions by adding glass
distilled water. The precipitation noticed in the prepared
growth regulator sclution was overcome by the sddition of

two to three drops of N/10 sodium hydroxide as suggested by
Miller (1963). To prevent precipitation slightly warm
distilled water was 8lso used st the time of preperaticn of
treztment solution

(£1) Treatment of cuttings with growth regulators

The cuttings were treated in quick dip method.
The bas2l one inch portion of the cuttings including the
nodal regiocn was soiéked in respective trestment sclution for
4% seconds. For treating with Sexadix-B the cut end andv
basal nodal region were dipped in wvater first snd then
smeared with the Seradix povder. %The excess powder removed
by finger knock. The treasted cuttings were planted immediately
in the prepared polythsne bags at the rate of ten cuttings
per bag. The cuttings were watered dsily once during the

course of the experiment.
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3.1.4 Biometric observations

Random samples of 20 cuttings sach planted underxr
open and mist conditions ware uprooted from all the
treatments at triveskly intervel from March onwards in the
csgse of rumners, growing shoots and hanging shoots. But
in the cese of latera2ls the observations were recorded at
~ triwveekly intervals from June cnwards. The following

observations were recorded.
3.1.4.1 Percentage of rooting

The number of cuttings rooted were recorded and
the pexcentage of rooting was worked out.

3.1.4.2 BNumber of roots

The nuaber of roots produced by cuttings were

recorded and the mean was worked out.
3.1.4.3 Length of roots

The length of roots produced by cuttings was

measured in centimeters snd the mean length was then worked out.
3.1.4.4 TFresh weight of roots

The roots were separsted from the cuttings carefully,
washed in tap water and subseguently in distilled water to
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remove the dirt and soil perticles adhered on the root
surfasce. 7Then mean fresh weight of the roots waz found

out using a chemical bslance.
3.1.4.5 Dry weight of roots

The d4ry weight of roots was recorded using a
chamical balance after Arying the sample in & cross flow

air oven at 70°C ¢ 2°C for 24 hours.
3,1.4.6 Yraesh weight of shoots

The shoots were separated frem the guttings end
their fresh veight was found out using & chemical balsnce.

3.1.4.7 Dry weight of shoots

The separazted shoots vere dried in » cross flow
eir oven at 70* % 2°C for 14 hours sand dary weight was found
out using s chemical balanee.

3.1.,4.8 Shoot/root ratio
The mean shoot/root ratioc was computsd from the

fresh weight of shoots and xoots.

3.1.% Statisticel analysis
The date was statistically analysed as per the
standard procedure suggested by Panse snd Sukhatme (1978).
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The difference between treatments with regard to percentage
of rooting was tested for significence by using chi-square
test. When the number of treatment was more than two,

chi-gquare was celculated as
1 (an, - & n,)?
2 - 2 1
X nl n, >
&+ 2

& = The number of success under each treatment

where,

2’ = The number of failure under each treatment

= The number of success for all the treatments
taken together

= The number of failure for all the treatments
teken together

When theres were only two treatments, chi-squere was calcu-

laeted as

(/ld-bcl- g)z n

2 =
)( (a+b) (c+d) (adec) (b+d)
where,
a and ¢ are the number of success under each
treatment, b and 4 are the number cof f:ilures under esach
treatment and n = a+b + ¢+d.



The difference among treatments with respect to
quantitative cheracters such as number of roots, length of

roots, Ary and fresh wveight of roots and shoots were tested

for significance using analysis of variance.
3.2 Anatomical studies

This study was underteken in the Department of
Wood Science, KFRI, Peechi with an objective to study the
structure of stem, root and the steges of development of
adventitious roots from the stem cuttings of pepper.

Btem cuttings were prepared sepasretely for anatomical
studies from runners, growing shoots (orthotrophs), hanging
shoots (geotrophs) and laterals (plageotrophs) in order to
find out the variation in anatomical structure of stem and
root in these type of planting meterials.

To study in detail the stages of root development
rooting regions of the cuttings from all treatments were
collected. From esach treatment of 2ll1 the four types of
planting materials five samples were collected on fifth and
tenth dey of plenting the cuttings. Samples were also
collected from those cuttings which failed to root dbut

remained green.
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Samples of young and mature roots were collected
to study the root anatomy. Young roots were ccllected in
the esrly stages of root development where as mature rocts
were collected from cuttings after three months of planting.

(1) Fixation snd storage of specimens

FAA vas used for fixing the materials as per the
methods described by Berlyn and Miksche (1976). Specimens
vwere kept in FAA for & minimum period of 72 hours and then
transferred to 50 per cent alcohol for storage. Prior to

sectioning, the materieals were washed in running water for
about 30 minutes tO remove traces of the fixative and
aleohol.

(11) Sectioning and staining

Transverse sections of 15 micron thickness were
cut using Richert sliding microtome as per standerd microtomy
suggested for hard woods (Cutier, 1978). Secticns were
cut both from nodal and internodal region for comparison.
For cutting the cross section of roots, the pith of taploca
(Manjhot egculents) stem was used as the supporting material.
Roots wvere inserted into small longitudmal grooves made in

the soft pith cof split stem, Transverse sections of 15 micron
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thickness were cut using this technicue from both young

and mature roots.

The following staining methods were used for

staining the sections.

(1) Toluidine Blue '0O' in citrate buffer at pH 4.5
(0' Brien g%t al., 1964).

(2) safrsnin-Bimmaxk Brown (Bexlyn and Miksche, 1978) and
safrenin alone (3ingle Staining).

(3) Iodine-Potassium lodide test for starch (Johansen, 1940).
(4) 8udan XI1 (alcoholic) for lipids (Berlyn snd
Miksche, 1976).

The original procedure was slightly modified for
getting promising results. In Toluidine Blue stéaining,
alx Arying the sections after differentiation in water, was
not satisfzctory. Hence the following aschedule was adopted.

Section

Toluidine blue stain (5-10 minutes)
Differentiation in water

Dehydration in 25%, $0%, 73X acetone (1 minute each)
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l

Pure Acetone (2 changes)
\i
Pure Xylene (2 chenges)

N
Mount in DPX

For staining root sections this procedure was
not satisfectory. BSafranin (single staining) and Bafranin-
Bismark Brown was employed for the purpose as per the
following staining schedule.

Sections

Alcohol series (10%, 20%, 30% and 40%)
l (1 minute each)
Sefranin in %0% slcohol

60% alcohol (2 changes one minuts each)
Bismark brown

80% alcohol (2 changes)

98% alcohol

Absoluts alcohol (2 changes)

311 Alcohol 3 Xylene
1:1 li/'t].eml'mxa). s Xylene
1:3 J’A].c'.:t:hcal 1 Xylene
Pure Xylene (2 changes)
Houn\%:. in DPX
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(111) Microscopy and photomicrography

The slides were exsmined using Carl-Zeiss
binocular research microscope fitted with objectives of
magnification renging from 3.2 x ¢0 100 x and 10 x eyepiees.
To check the presence ©r absence of crystels cart-Zeiss
pelarizing microscope was used. Photomicrographs were taken
using a photomicrograph system and ORWO black and white
negative film of 128 ASA, |
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RESULTS

The results of the present series of studies on
the effect of growth regulators on rooting of different
types of planting magterisls in black pepper are presented
in the following pages. Except laterals all other planting
materisls were planted during March but the former vere
planted in June.

4.1 Effect of growth regulators snd mist

The results of the experiment to find cut the effect
of growth regulators and mist on rooting of cuttings and
other growth characters are sumnarised below.

4.1,1 Percentage of rooting

The date furnished in Tables 1la, 28, 3a, and 4a
clearly indicated that under mist conditions, all the planting
materials produced maximum rooting vhen trested with IBA
1000 ppm. Treating the cuttings with IBA 18300 ppm, IAA 1500 ppm
and Seradix-B alsc were effective in rooting (Plate III to X).
Izrespective of the type of material, open condition weas less
conducive for best rooting. Focled analysis of the data
tabulated in Tables 1b, 2b, 3b and 4d agein indicated that



Table la. Effect of growth regulators on rooting of cuttings under mist and open (runners)

No.of Bumber of cuttings No.of cuttings Percentage Percentage of
cuttings rooted established of initial final establi-
Treatment sam- rooting shment
led
d 3 VAP 6 WAP 9 WAP 12 WAP 3 WAP 6 WAP 9 WAP 12 WAP
Seradix-B
Mist 20 15 18 11 11 75 90 55 55
Open 20 12 12 8 8 60 60 40 40
IAA 1500 ppm
Mist 20 18 15 14 12 75 75 70 60
Open 20 11 11 7 6 85 55 35 30
IAA 1000 ppm
Mist 20 11 13 9 8 55 6S 45 20
Open 20 11 10 4 4 55 50 20 20
IAA 500 ppm
Mist 20 10 13 14 8 S50 65 70 40
Open 20 5 9 7 4 25 45 35 20
IBA 1500 ppm ‘
Mist 20 13 14 12 10 65 70 60 50
Open 20 9 11 8 8 435 55 40 40
IBA 1000 ppm _
Mist 20 17 19 16 16 8s 95 80 80
Open 20 13 14 12 12 1] 70 80 60
IBA 300 ppm
Hist 20 13 14 9 8 65 70 45 40
Open 20 7 10 5 4 35 50 25 20
IAA + IBA 1500 ppm
Miast 20 11 16 12 10 55 80 60 S0
Open 20 10 9 8 2 S0 45 40 10
IAA + IBA 1000 ppm
Mist 20 14 15 10 8 70 75 1o 40
Open 20 7 10 8 4 35 50 40 20
IAA + IBA 500 ppm
Mist 20 7 15 10 9 35 75 50 45
Open 20 4 10 8 2 20 50 40 10
Control
Open 20 6 12 8 3 30 60 40 15
Mist 20 -3 8 3 1 25 40 15 5

W, = Weeks after plantin
N = 8ignificant gt 1% legvel

Chi square values

45.8" " 84.33" 44.%9 "18.77

&



Table 1({b). ZXZffect of growth reguletors on rooting of cutting (rumners)

¥umbers of Bumber of cuttings rooted Percentage of rooting
Treatment cuttings

sampled IWAP GWAP OMAP 12 WAP 3 WAP 6 WAP 9 WAP 12 WAP
Seradix-8 P 27 30 19 19 €7.5 75 47.5 4.5
IAA 1500 ppem 40 26 26 21 18 65.0 65 S52.5  45.0
IAA 1000 ppm 0 22 23 13 12 $5.0 $7.5 32.8  30.0
IAA 500 ppm 40 15 22 21 12 37.5 S5 $2.5  30.0
IBA 1500 ppm ) 22 28 20 18 sS.0  62.85 $0.0  45.0
IBA 1000 ppm 0 30 33 28 28 75.6  62.5 70.0  70.0
IBA 500 ppm 0 20 24 14 12 50.0  60.0 35.0  30.0
IAA + IBA 1500 p.m 0 2 25 20 12 $2.5  62.5 45.0 - 30.0
IAA + IBA 1000 ppm 0 21 2s 18 12 $2.5  62.5 45.0  27.5
IAA + IBA  $00 ppm 0 11 28 18 11 27.8  62.5 45.0  27.%
Control 40 11 20 11 4 27.5 50.0 27.5  10.0

Chi-Squere value 37.9%*  §5_2ee 23 gee 19 s7V°

¢E



Table 1(c). Effect of mist om rocting of cuttings (rumners)

Veeks Rumber of NKumber of Pexrcentage 2 value
Treatments after cuttings cuttings rooting "N

planting sampled rooted
nist 3 220 132 60.00 .
Open 3 220 ' 42.70 13.13
Mist 6 220 164 74.54 .
Open 6 220 114 $1.81 24.43
Mist 9 220 128 $6.81 o
Open ° 220 7s 35.45 24.83
Mist 12 220 103 46.81 .
Open 12 220 ss 25.00 21.64
Mean 59.54

38.74

g€



PERCENTAGE OF ROOTING

T CONTROL
T2 SERADIX
Ts 1AA 1500 ppm
T4 n 1000 w
T5 " 500 Hn
Tg 1BA 1500 ppm
T7 n {000 n
90 _ Tg " 500
Tg 1IAA+IBA 1500 ppm
Tio " w 000
T” h 1l 500 ¢
80 ]
70 _| T7

)it
20 _]
10 _| T
o
T T 1
3 [ 9 12

WEEKS AFTER PLANTING

FIG.1.EFFECT OF GROWTH REGUL ATORS ON ROOTING OF CUTTINGS
IN RUNNERS (STOLONS).




Table 2a. Effect of growth regulators on rooting of cuttings under mist and open (growing shoots)

No.of No.of cuttings No.of cuttings Percentage Percentage of
Treatment cuttings rooted established of initial final establish-
sampled rooting ment

3 WAP 6 WAP 9 WAP 12 VAP 3 WAP 6 WAP 9 WAP 12 WAP

Seradix-B

Mist 20 10 17 14 14 50 85 70 70

Open 20 5 - 15 6 6 25 75 30 30
IAA 1500 ppm

Mist 20 18 20 11 11 75 100 55 55

Open 20 9 » 13 6 5 45 65 30 25
IAA 1000 ppm

Mist 20 17 14 9 9 8s 70 45 45

Open 20 10 12 4 4 50 60 20 20
IAA S00 ppm :

Mist 20 14 11 10 9 70 58 50 45

Open 20 7 12 5 5 35 60 25 25
IBA 1500 ppm

Mist 20 16 19 12 12 80 95 60 60

Open 20 10 16 5 5 50 80 2s 25
IBA 1000 ppm ‘

Mist 20 20 20 17 17 100 100 85 85

Open 20 13 14 12 12 65 70 60 60
IBA 800 ppm ‘

Mist 20 13 15 9 9 65 75 45 45

Open 20 10 12 5 5 50 60 25 25
IAA + IBA 1500 ppm

Mist 20 15 16 8 8 75 80 40 40

Open 20 11 12 7 4 55 60 35 20
IAA + IBA 1000 ppm )

Mist 20 10 14 9 8 50 70 45 40

Open 20 3 6 9 4 15 30 45 20
IAA + IBA 500 ppm

Mist 20 12 8 7 7 60 40 35 35

Open 20 1 6 10 3 5 30 50 15
Control

Mist 20 6 14 8 6 30 70 40 30

Open 20 3 9 5 3 15 45 25 18

Chi sequare value 38.45 " 69.54  44.59° 74.10

WAP = Weecks after planting
** = gignificant at 1% level

LE



Table 2(b). Effect of growth regulators om rooting of cuttings (growing shoot)

Treatment :i::nqt Rumber of cuttings rooted Percentage of rooting
sampled 3 WAP 6 WAP 9 WAP 12 WAP JIWAP 6 WAP 9 WAP 12 WAP
Sers@ix-p 0 15 32 20 20 37.8  80.0  $0.0 50.0
IAA 1500 ppm 0 24 33 17 16 60.0 82.5  42.% 9.0
IA: 1000 ppm 40 27 26 13 13 67.5  65.0  32.% 32.5
IAA 500 ppm 40 21 23 15 14 $2.5 S7.5  37.5 35.0
IBA 1500 ppm 40 26 3% 17 17 65.0 87.5  42.% 4.5
IBA 1000 ppm 0 33 34 29 29 82.8 85.0 72.8 72.8
IBA 500 ppm 40 23 27 14 14 s7.8 67.5  35.0 35.0
IA; + IBA 1500 ppm 40 26 28 18 12 65.0 70.0  37.5 30.0
IAA + IBA 1000 ppm 0 13 320 18 12 32.5 $0.0  45.0 30.0
IAA + IBA 500 pom 0 13 14 17 10 32.8 35.0  42.5 25.0
Control 40 5 23 13 9 22.5 57.8  32.8 22.%
Chi-square value 13.77° 48.16 29.43° 449

§€



Table 2{(c). Effect of mist on rooting of cuttings (growing shoots)

Weeks Rumber of Number of Percentage 2 value
Treatments after cuttings cuttings rooting 7(
planting sampled rooted
Mist 3 220 148 67.27 -
390.68
Open 3 220 82 37.27
Mist 6 220 168 76.36
, 17.29°"
Open 6 220 137 57.72
Mist 9 420 114 $1.81
12.89*>
Open 9 220 74 33.6)
Mist 12 220 110 50.00
28,20~
Open 12 220 3¢ 25.49%
Mean 61,36
38.%1

L



PERCENTAGE OF ROOTING

T, CONTROL
Tz SERADIX
Tx IAA {500 ppm
T4 n 1000 u
T5 " 500
Tg IBA 1500 ppm
T, n {000 w
T8 n 500
Tg IAA+IBA 1500 pPpPM
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WEEKS AFTER PLANTING

FIG. 2. EFFECT OF GROWTH REGULATORS ON ROOTING OF CUTTINGS
IN GROWING SHOOTS(ORTHOTROPHS).




Table 3a. Effect of growth regulators on rooting of cuttings under mist and open (hanging shoots)

No.of No.of cuttings No.of cuttings Percentage Percentage of
cntiin s rooted established of initial final establish-
Treatment eanplgd rooting ment
3 WAP 6 WAP 9 WAP 12 VAP 3 wWap 6 WAP 9 WAP 12 WAP
Seradix-B
Mist 20 11 14 13 13 58 70 65 65
Open 20 8 7 6 6 40 3s 30 30
IAA 1500 ppm
Mist 20 14 14 12 10 70 70 60 50
Open 20 8 10 10 4 40 50 50 20
IAA 1000 ppm
Migt 20 8 9 7 6 40 45 35 30
Open 20 6 7 5 4 30 35 25 20
IAA 500 ppm
Mist 20 10 10 8 8 50 S0 40 40
Open 20 5 8 3 5 25 40 25 25
IBA 1500 ppm
Mist 20 13 16 12 12 65 80 60 60
Open 20 8 13 8 ] 40 65 40 25
IBA 1000 ppm
Mist 20 16 18 16 16 80 90 80 80
Open 20 9 15 10 9 45 75 50 45
IBA 500 ppm
Mist 20 13 10 9 ° 65 S0 45 45
Open 20 9 a8 -3 45 40 40 25
IAA + IBA 1500 ppm
Mist 20 9 13 8 8 45 65 40 40
, Open 20 7 9 8 4 35 45 40 20
IAA + IBA 1000 ppm
Mist 20 6 12 9 7 38 60 45 45
Open 20 3 9 6 4 15 45 30 20
IAA + IBA 500 ppm
Mist 20 13 10 9 6 65 50 45 30
Open 20 8 8 6 3 40 40 30 15
Control
Miat 20 8 9 6 4 40 45 30 30
Cpen 20 5 7 5 3 25 35 25 18 ~
=

WAP = Weeks after planting
** = Significant at 1% level

Chl square value

43.647 7 42.19°7

29.4%7 51,44



Table 3(b). Effect of growth regulators on rooting of cutting (henging shoots)

::;::n . Bumber of cuttings rooted Percentage of rooting

Trestent smvled L cur  suAP  12waP 3 WAP 6 WAP 5 WP 12 WAP
Sersdix-B 0 19 21 19 19 47.8  82.5  47.5  47.S
IAA 1500 pom 40 22 24 22 14 55.0 60.0 850  35.0
IAA 1000 ppm 40 14 16 12 10 3.0 40.0 30.0  25.0
IAA SO0 ppm 40 15 18 13 13 37.8  45.0  32.5  32.%
IBA 1500 ppm 0 21 29 20 17 $2.5 72.5  50.0  42.5
IBA 1000 ppm ) 28 33 26 28 62.5 82.5 65.0 62.5
IBA 500 ppm 40 22 18 17 14 $5.0 45.0 42.5  35.0
IAA + IBA 1500 ppm ) 16 22 16 12 40.0 SS.0 40.0  30.0
IAA + IBA 1000 ppm 40 ° 21 15 11 22,8 S2.8  37.5  27.8
IAA + IBA S00 ppm 40 21 18 15 ) $2.5  45.0 37.8  22.%
Control 0 13 16 11 ° 32.5  40.0  27.5  22.5

Chi-Square value 15.15° 10.70° " 21.56 " 43.48 "
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Table 3(c). Effect of mist on rooting of cutting (hanging shoots)

Wesks Number of HNumber of Percentage
Treatments after cuttings cuttings rooting f velue
plenting sampled rooted
Mist 3 220 121 $5.0 -
Open 3 220 7 34.54 18.61
Mist 6 220 138 61.36
10.56 *
Open 6 220 201 49.%0
Mist ° 220 109 €9.54 s
Opes 'Y 220 7 35.00 3.1
Mist 12 220 101 45.90 "
Open 12 220 52 23.63 24.75
Meesn 52.9%
34.75

¢?
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Table 4a. Effect of

growth regulators on rooting of cuttings under mist and open (laterals)

No.of cuttings No.of cuttings Percentage Pexrcentage of
Ho.of rootsd established of initial final establigh-
cuttings rooting ment
Treatment .-png
3 wap 6 WAP 9 WAP 12 WAP 3 WAP 6 WAP 9 WAP 12 WAP

Sexadix-B

Mist 20 - 12 14 12 - 60 70 60

Open 20 - 10 12 9 - S0 60 45
IAA 1500 pim

Mist 20 - 12 13 11 - 60 60 S5

Cpen 20 - 6 8 7 - 30 40 35

Mist 20 - 10 8 7 - 50 40 35

Open 20 - 2 6 S - 10 30 25
IAA $00 ppm

Mist 20 - e 9 8 - 40 45 40

Cpen 20 - 4 5 S - 20 3] 25
IBA 1500 ppm

Nist 20 - 12 13 12 - 60 [ 3.3 60

Open 20 - 8 9 9 - 40 45 45
IBA 1000 ppm

Mist 20 - 16 17 18 - 80 8s 7s

Open 20 - 12 14 11 - 60 70 11
IBA 500 ppm ‘

Mist 20 - 10 10 8 - S0 50 40

Cpen 20 - 8 8 4 - 40 40 20
IAA + IBA 1500 ppm

Mist 20 - 11 10 9 - 55 50 45

Open 20 - 2 8 5 - 10 40 28
1A~ + IBA 1000 ppm

Mist 20 - 10 9 7 - 50 45 k1.3

Open 20 - 2 7 3 - 10 35 15
1AA + IBA SO0 ppm

Mist 20 - 9 11 3 - 45 85 30

20 - 2 9 3 - 10 45 18

Control

Mist 20 - 3 4 S - 15 20 25

Open 20 - 1 2 2 - S 10 10

WAP = Waeks after planting

** = Significant at 1% lavel

Chi sguare v:lue

.
%]

88.26°" 49.36™ ¢5.65° "



Table 4(b).

Bffect of growth regulators om rooting of cutting (laterals)

Treatment ::&::nq . Number of cuttings rooted Percentage of rooting
sampled 3 WAP GWAP S WAP 12WAP S WAP 6 NP O WAP 19 WAP
Serzdix-3 40 1 22 26 21 2.5 $S.0 65.0 $2.5
IBA 1500 ppm 40 3 18 20 18 7.8 45.0  50.0 45.0
IRA 1000 ppm 40 1 12 14 12 2.5  30.0 35.0 30.0
IAA SO0 ppm 40 0 12 14 13 0 30.0  35.0 32.5
IBA 1500 ppm 40 4 20 22 21 10.0 50.0  $5.0 52.8
IBA 1000 ppm 40 5 28 31 26 12.8 70.0 77.8 65.0
IBA SO0 ppm 40 3 18 18 12 7.8 45,0  45.0 30.0
IA. + IBA 1500 ppm 40 2 13 10 14 5.0 32.3 45.0 3.0
IAA + IBA 1000 ppm 40 0 12 16 10 ° 0.0  40.0 25.0
IAA + IBA 500 ppm 40 0 11 20 ) ° 27.8  %0.0 22.8
Control 40 0 4 6 ? 0 10.0  18.0 17.8
Chi-squere value 39.17° 33.08 " 25.89 " 37.48 "

by



Table 4{(c). Effect of mist on rooting of cuttings (laterals)

Woeks Number of Nurber of Percentage .
Trestmants after cuttings cuttings roocting xz value
planting sempled rooted
Mist 3 220 11 6.07
Open 3 220 8 3.63 0.49 B3
Mist 6 220 113 $1.36 «
30.06 ° "
Open ¢ 220 87 25.90
Mist 9 220 117 53.18 e
Open 9 220 88 40.00 7.68
Mist 12 220 100 45.45
Open 12 220 63 28.63 13.3
Mean 39.01
24.54

¢
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IBA 1000 ppm was the best treatment. In runners the
superiority of this treatment was evident through ocut the
course of study in vhich rooting observed was 70 per cent.
In the case of growing shoots, though IBA 1000 ppm gave
82.3 per cent rooting initially, after six weeks of planting
cuttings treatad with IBA 1300 ppm produced maximum rooting
(87.5 per cent). MNangiag shoot cuttings trested with IBA
1000 ppm produced 8 maximum recting of 82.8 per cent followed
by IBA 1500 ppm, 72.3 per gsnt. In the case of latersals

IBA 1000 ppm produced 77.5 per gent rooting. On the other
hand in control rooting was only 10 per cent (FPigs.1 ¢to 4).

The pooled data presented in Tables (1c, 2¢, 3¢ ana
4¢) cleerly indiceted the bemeficisl effect of mist on rooting
of cuttings in Aifferent types of planting materials (Fig.18).
In the case of runners and growing shoots the benaficisl
effect of mist was more pronounced throughout tne period of
study. Laterals uprooted after three weeks of planting and
hanging shocts after nins weeks of planting showed no signiiicant
diffe: enge between open and mist treatment end it may be due
to the climatic varxiation, but during all other interv:ls of
observation mist significently inecreased rooting compared to

open conditions.

The data furnished in Tables la, 2a end 3a slso
revealed that maximum rooting was observed after six weeks of



Plate I1I. Effect of growth regulators oa reoting of cuttings
in runners (sixth week of planting under mist

eondition)
21 - Control
rz - Seradix-8
1‘, - IAA 13500 ppm
t‘ - XAA 1000 ppm
‘rs - IAA 500 ppm
1‘ - IBA 13500 ppm
':1 - IBA 1000 ppm
Ty - IBA 8500 ppm
Ty - IAA + IBA 13500 ppm
’10 - JAA + IBA 1000 ppm
':n - IAA + IBA 300 ppm

Plate IV, Effect of growsh regulaters oa rooting of cuttings
in runners (sixth week of planting under &pen condition)
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Plate III

Plate IV



Plate V. Effect of growth regulators on rooting of cuttings
hormqn (sixth week of planting under mist
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Plate VI, Kffect of growth regulators on rooting of cuttings
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Plate V

Plate VI



Plate VII. Effect of growth regulators on rooting of cuttings
m (sixth week of plenting under mist
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Plate VIiI, Effect of growth regulators on rocting of
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Plate VI
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Plate IX,

umn regulators on rooting of cuttings
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Plate IX




planting in the cese of runners, growing shoots and hanging
roots, whereas laterals produced maximum rooting after nine
weeks of planting (Fig.18, Plate XIII and XIV). It is
interesting to note that after three weeks of planting the
effect of growth regulators was more pronounced in the case of
runners only whereas in growing shoots and hanging shoots the
treatment effects were found to be non-significant in the
earliest stage. In all the treetments laterals did not produce
any roots upto three weeks (Plate XI and XII). Later, the
growth regulator treatments were found to give higher percentage
of rooting when compared with control both under mist and

open condition.

4.1.2 Number of roots

The results of the analysis of the data on the effect
of growth regulators and mist on number of roots produced by
cuttings are presented in Tebles Sa to 8c.

In all types of planting materiasls under mist, mean
number of roots per cutting was found to be highest with
IBA 1000 ppm followed by Seradix-B, IBA 1500 ppm and
IAA 1500 ppm. Tables furnished (Sb, 6b, 7b and 8b) with pooled
data on the effect of growth regulators on number of roots
produced by cuttings indicated that all the treatments differed
significantly with regard to this parameter. Runners treated
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Table 5(a). Effect of growth regulators on number of roots
pexr cutting under mist and open (rumners)

Treatment 3 WAP 6 WAP 9 WAP 12 WAP Mean
Sorxadix-B
Mist 9.4 11.8 8.1 10.4 10.0
OP.ﬂ 7.1 6.1 5.8 5.5 6.1
IAA 1500 ppm
Kist 8.0 10.4 8.0 9.3 8.9
w 6.‘ 5.0 6;‘ 6.0 602
IAA 1000 ppm
Mist 6.3 8.8 6.3 8.0 8.9
Opan 4.8 5.8 6.8 5.3 5.5
IAA S00 ppm
Mist 5.6 7.6 7.8 6.6 6.9
Op.n 3.4 4.6 6.3 5.3 5.8
IBA 1500 ppm
Mist £.6 10.7 8.0 9.9 10.2
Open 5.0 7.0 6.3 6.1 6.2
iBA 1000 ppm
Mist 10.8 15,2 10.% 12.% 12.2
Op.n 7.8 7.8 6.5 6.8 7.2
IBA 500 ppm
Mist 8.0 7.6 8.3 8.0 8.0
Open 5.3 4.7 6.6 58 5.5
IAA ¢+ 1IBA 1500 ppm
Riast 3.2 9.9 8.% 7.3 T.2
Open 4.7 6.7 6.8 7.% 6.4
IAA + 154 1000 ppm
Mist 5.9 8.8 7.2 6.6 7.1
Open 2.7 S.1 5.2 4.0 4.4
IAA ¢+ I5A 800 ppm
Miat 3.8 9.% 5.9 %.8 6.1
Opén 1.8 6.7 4.0 4,0 4.8
Control
Miat 4.8 5.4 5.2 5.0 8.0
om 2.3 4.2 4.3 3.6 3.6
CD S.8%* 4.6%% ns 6,3**
SEm + 2.1 1.7 2.2 2.2
WAP = Weeks after planting
CU = (Critical difference
** = 3Significaent at 1% level
N8 o Not significent



Table 5(b). Effect of growth regulators on number of roots per cutting (runners)

Treatments 3 WNAP 6 WAP 9 wAP 12 WAP Nean
Sersidix-B 8.3 9.6 T.2 8.2 8.3
IAA 1500 ppm 7.4 8.4 7.% 8.2 7.8
IAA 1000 ppm 5.3 7.8 6.3 7.1 6.9
IAA 500 ppm 4.8 6.4 7.3 6.2 6.2
IBA 1500 ppm 5.3 9.3 7.8 8.3 7.7
IBA 1000 ppm 9.% 12.0 8.8 10.2 10.1
IBA 500 ppm 7.0 6. 7.2 7.2 6.9
IAA + IBA 1500 ppm 3.9 2.8 7.8 7.3 6.9
IAA + IBA 1000 ppm 4.8 7.3 6.5 5.8 6.1
IAA + IBA S00 ppm 2.8 8.3 5.4 5.8 5.5
Control 3.8 4.9 4.9 4.% 4.5
<D 3.6 3. 2% KS 4,2%*»
SEm + 1.4 1.2 1.2 1.8
Table 5(c). Effect of mist on mumbers of rocts per cutting (Runners)
Treatments 3 wApP 6 WAP 9 WAP 12 WAP Mean
Miat 6.9 9.9 7.8 8.8 8.4
Open 5.3 6.3 6.1 5.8 5.9
cp 1.20 1,28 1.1#* 1.2%¢
Sem 3 0.8 0.5 0.4 0.5

WAP = Weeks after planting
** o 8igni icant at 1% level

CD & Critical difference

by
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Table 6 (a). Bffect of growth regulators on number of rocts
per cutting under mist 2nd open {(growing shoots)

Treatment 3 WAP 6 WAP 9 WAP 12 wAP Mean

Seradix-B

Mist 7.3 9.8 11.7 12.2 10,2

Open 4.2 6.3 8.0 7.1 6.4
IAA 1500 ppm

Nist 7.2 8.2 6.1 11.1 8.1

Open 5.0 6.0 a.% 6.4 6.4
IAA 1000 ppm

Mist 6.4 7.3 9.3 9.8 8.2

Open 5.2 $.2 7.0 6.0 $.8
IAA 300 ppm

Nist 6.6 6.2 10.2 8.% 7.8

Open 4.7 4.7 7.6 6.0 6.7
IBA 1500 ppm

Rist 8.0 %.2 12.5% 12,0 10.4

Open 4.8 6.6 9.0 7.8 7.0
IBA 1000 ppm

Mist 10.3 11.9 16.9 14.0 13.2

Open 6.9 7.2 9.4 8.7 8.0
IBA 3500 ppm

Mist 6.3 6.8 11.0 7.8 8.0

m “‘ 5.’ 7.‘ 5.4 5.7
IAA + IBA 1500 ppm

Mist S.4 7.0 8.9 6.8 6.9

Open 5.0 5.0 7.0 5.8 5.6
IAA # 1IBA 1000 ppm

Mist 8.4 5.% 9.2 7.8 6.9

Open 4.0 4,3 7.1 S.o %.1
IAA + IBA 300 ppm

Misk 5.8 6.5 9.1 6.8 7.1

Open 0.0 4.5 6.4 6.3 5.7
Control

Mist 4.6 5.6 8.0 6.8 6,2

Open 3.3 3.3 6.0 4.6 4.3

cD RS 4.7%* S, 20 S.ane

SEm ¢ 2.9% 1.7 1.8 2.2

WAP = Weeks after planting
CDO = Criticel difference
¢** = 8ignificent at 1X level
N% = Jlot significant
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Table 6(b). Effect of growth regulators on number of roots per cutting (growing shoots)

8"

Trestments 3 wap 6 WAP 9 WAP 12 WAP Mean
madh.. 6.2 8.2 10.5 10.7 8.’
IAA 1500 ppem 6.4 7.4 6.7 9.6 7.5
IAL 1000 ppm 6.0 6.3 8.4 8.6 7.3
IA:. 500 ppm 6.0 S.4 9.3 7.6 7.1
iBA 1500 ppm 6.8 8.0 11.4 10.7 9.2
IBA 1000 ppm 8.9 9.9 13.6 11.9 11.1
IBA 500 ppm 5.5 6.4 9.7 7.0 7.1
IAA + 1BA 1500 prm $.2 6.1 7.8 6.4 6.4
IAL « IBA 1000 ppm 5.0 $.1 8.1 6.8 6.3
IAA + IBA S00 ppm 5.8 5.6 7.5 6.7 6.3
Control 4.2 4.7 7.2 6.1 5.8

Ccp us 3.0% 3.7 3,70

Skm & 1.5% 1.2 1.3 1.4

Table 6 (c) Effect of mist on number of roots per cutting (growing shoots)
Treatment 3 wWAP 6 WAP 9 WAP 12 WAP Mean
Mist 7.0 7.9 10.7 10.2 9.0
Open $.0 5.6 7.6 6.6 6.2
cD 1,20+ 1.0%* 1,30 1.4%*
Ska + 0.5 0.4 0.5 0.6

WAP = leaks after planting CD = Critical difference

** » Signiiicant at 1% level NS = Mot significant
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with IBA 1000 ppm produced meximum mean nunber of roots (10.2)
followed by Seradix-B (8.3) and IBA 180C pre (7.7). A similar
trend was obsarved in the growing as well as in hanging

shoots. They produced & meximum meen number of 13.7 and

12.4 roots respectively under IBA 1000 ppm treatment. In
these materizls the open econdition contrel produced lovest
numbaer of roots 5.6 end 4.4 respectively. In the case of
latersals IBA 1000 ppm treatment showed its supeoriority over all
other treztments, after nine weeks of planting it produced

13.7 roots on an averesge (Fig.S ¢to 8).

The results of the podcled anslysis of the observations
furnished in Tables 53¢, 6c, Te end 8¢ on the effect of mist
on the number of roots produced by cuttings clearly indiceted
the superiority of mist on this pareameter (Fig.13). Runners
under mist sroduced sn average of 8,3 roots compared to 5.8
under open condition. In growing shoots snd hanging shoots
through out the course of study the effect of mist was found
to be highly sionificznt while in latersls during the time of
initisl observetion the effect of mist was found to be
non significant due to the seasonsl varistion, but leter on

migt si nificently influenced root production.

with regard tec this parameter aleo runners exhibited
significant difference betwesen the treatments through out
the period of study but in the other three types «f planting
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Table 7(a). Effect of growth regulators oa number of roots per
cutting under mist and open (hanging shoots)

Treatment 3 WAP 6 WAP 9 WAP 12 WAP Mean
Serzdix-B
Mist 7.2 9.0 11.2 10.6 9.5
OPCﬂ 5-7 "3 6.‘ 5.3 6.1
IAA 1500 ppm
Mist 8.9 10.1 12.0 11.8 10,5
Open 6.9% 6.0 7.3 6.9 6.5
IAA 1000 ppm
Mist 6.7 7.0 9.5 8.0 7.8
Open 3.3 5.0 6.0 5.% 4.9
IAA 500 ppm
Mist 6.9 6.4 9.1 8.1 7.6
Open S.2 3.1 7.2 5.0 5.1
IBA 1500 ppm
Mist 7.8 8.5 12.1 10.9 9.8
Open 4.5 7.5 7.% 6.6 6.5
IBA 1000 ppm
Mist 9.1 12,9 13.6. 13.9 12.4
Open 6.8 9.3 10,7 8.9% 8.8
IBA 500 ppm
Mist 8.6 5.6 8.5 6.5 6.5
Open 3.8 3.8 6.3 4.0 4.%
IAA + IBA 1500 ppm
m.t 5.8 707 ! 9.6 7.2 7.5
Open 5.7 5.8 6.0 5.0 5.5
IAA ¢+ IBA 1000 ppm
Mist 5.0 5.8 8.0 7.4 6.5
Open 4.6 4.8 7.1 4.2 5.2
IAA + IBA 500 ppm
Nist T4 6.7 7.4 6.8 7.1
Opta 4.6 4.8 6.8 4.) 5.1
Control
Mist é.1 Se1 6.2 5.0 S.1
0pen 2.6 4.1 3.6 3.0 3.3
Ch NS 4,1%* 3,80 S.0%*
SEm + 2.6 1.5 1.3 1.9
WAP = VWeeks after planting
CDO = Critical difference
NS = Dot Significant
** = 8i nificent at 1% level
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Table 7(b). Effect of growth regulators on nuzber of roots per cutting (hanging shoots)

Treatments 3 wApP 6 WAP 9 wWAP 12 wWAP Mean
m.&x-’ ‘.‘ ..1 ,o’ ,.1 803
IMA 1500 ppm 7.7 8.4 9.8 10.0 9.0
IAA 10C0 ppm 5.3 6.1 8.0 7.0 6.6
IAA 560 pom 6.3 4.9 8.3 6.9 6.6
IBA 1500 ppm 6.5 8.0 10.3 9.6 8.6
IBA 1060 ppa 8.3 11.2 12.4 12.0 11.0
IBA 500 ppm 5.0 4.8 7.2 5.6 5.6
Ih + IBA 1000 prm 4.8 S.4 7.6 6.3 6.0
IAi + IBA SO0 ppm 6.3 5.8 7.1 6.0 6.3
Control 3.5 4.6 4.9 4.3 4.3

CD us 2.8+ 2.8%¢ .40

stm + 1.5 1.0 1.0 1.2

Table 7(c). Effsct of mist on number of roots per cutting (hanging shoots)

Treatunents 3 WAP 6 WAP 9 wap 12 WAP Neeon
Mist 7.0 8.2 10.4 9.% 8.8
Open 5.0 5.8 7.0 S. 5.9
2] 1,38 1.1%* 1.1%* 1.3%
SEm #+ 0.5 C.4 0.4 0.5
WAP = Weeks after planting CO = Criticzl differencs

** « 8Significent et 1% level NS = HNot significent
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Teble 8(a). Effect of growth regulators on number of roots
per cutting under mist and open (laterzls)

Treetment 3 VAP 6 VAP 9 WAP 12 wWaAP Mean
Seradix-B
Mist - 6.9 12.0 11.8 10.2
Cpen - 6.3 10.4 8.0 8.2
IMA 1500 ppm
Mist - 5.1 11.8 11.0 9.2
OPQD - 5.0 9.2 7.7 7.3
IAA 1000 ppm
¥ist - 5.3 10.3 8.2 7.9
Opcn - 4.% 10.2 7.2 7.2
IAA 500 ppm
Ki.t - 501 11.1 ?.3 ':'.3
Optn - 4.0 8.4 5.0 5.8
IBA 1500 ppm
Mist - 6.4 12.0 10.8 9.7
Optn - 5-5 ,00 700 701
IBA 1000 ppm
Mist - 8.9 15.6 13,0 12.%
om - 6.5 1103 8., 8.’
IBA S00 ppm
Mist - 5.1 10.3 7.5 7.6
09'!‘) - 20’ 8.0 5.0 502
IAA + IBA 1500 ppm
H‘-‘t o ‘02 10:0 9.0 7.7
Opcn hed 1.5 ..2 7.0 505
IAA ¢+ IBA 1000 ppm
Mist - $.0 9.1 8.0 7.3
OPCB - 315 ’01 6.3 6.5
IAA + IBA SO0 ppm
¥Mist - 4.6 9.1 8.6 7.%
- 2'5 6.5 ‘03 ‘o‘
Control
ni’t - 3&’ 6.5 ‘:2 4.6
09“! - - ‘.’ 4.0 ‘02
CD - ns 6,0%* 6,50
Sem ¢ - 2.6 2.6 2.7
WAP = Weeks after planting
CD = Critical d4ifference
** = Significant at 1% level
NS e Rot Significant



Table 8(b). EBffect of growth regulators on nmumber of roots per cutting (laterals)

Treatments 3 WAP 6 WAP 9 WNAP 12 wWAP Mean
Seradix-B - 6.3 11.3 10.1 9.3
IAA 1500 prm - S.1 10.6 9.8 8.5
IAA 500 ppm - 4.8 10. 6.4 7.1
IBA 1000 ppm - 7.9 13.7 11.3 10.9
IBA 500 ppm - 4.1 9.3 6.6 6.6
IAA + IBA 1000 ppm - 4.2 9.3 7.5 7.2
IM + i“ 500 m - ‘-3 8.0 702 ‘o‘
Conttol - 3.3 5-. ‘.1 ‘0‘

m - ‘.1* 3.‘.. ’Q’.‘

SE‘ & - 1.5 1-‘ !.5

Table 8(c). Effect of Mist Oon number of roots per cutting (laterals)

Treatment 3 WAP 6 WAP 9 WAP 12 WAP Mean
u't - 5.. 11.3 9.3 8.’
ep.ﬂ - ‘o, ,‘1 70‘ 7.0
<o - NS 1,10 1,390
m z hand Q.S 9.‘ 0-5
WAP = Weeks after planting CD = Critical difference
** & Significant at 1X level S = MNot significant
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FPlate XIIX. Effect of IBA on rooting of different types of
planting materisls (sixth week of planting under
mist condition)

i. IBA 1500 ppm
2. IBA 1000 ppm
3. IaA 500 ppm

Plate IX. BEffect of IBA on rooting of different types of
planting materials (sixth week of planting under
epen condition)
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matexrials 2ll the growth regulator trestrents under mist and
cpen were found to be on par with respect to number of roots
produced during the first intervel of obgervation. In runners
sfter six weeks of planting and in growing shoots and latercls
after nine weeks of plinting the IBA, 1000 ppm treatment showed
significant increase in root production compared to all other
treatments (Fig.16). The maximum number of roots produced by
theso matexials during the above periocds were 1%.1, 12.5 and
12,1 respectively. In the case of henging shoots after twelve
weeks of planting though there enisted significent difference
among the treatments, IBA 1000 and 1500 ppm, SBeradix.B and

IAA 1500 ppm under mist were found ¢o be on par. The pooled
dstz on sffect of mist on nurbar of rocts jroduced indiceted
thst in growing shouts the sffect vas less significent after
=ix weeks of planting but during the later stages it was
highly significant,

4.1.3 Length of roots

The effect of different growth regulators and mist
on the length of roots produced by cuttings are tebulated in
Tables ®u, 10a, 11a and 12e. It is evidant from the data that
in genersl in s8ll the planting materials, IBA 1000 prm tended
to produce longer roots followed by Seresdix-B, IAA 1%00 ppm
and IBA 1500 ppm though the trestment effsct waes not signi-

ficant. This effect was more pronounced under mist. In runners,
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Table 9(a). Effect of growth regulators on length of roots (om)
per cugting under mist and open (runners)

Treatment 3 WAP 6 WAP 9 WAP 12 WAP Mean
Seredix-B

Mist 3.5 15.3 18.8% 23.8 1%.3
. Open 1.9 6.7 10.1 14.9 8.}
IAA 1500 ppm

Mist 2.6 9.5 16.5 24.8 16.4

Open 1.8 4.1 9.6 14.6 7.6
IAA 1000 ppm

Mist 2.0 7.8 12.1 18.8 10.1

Open 1.9 4.0 9.7 6.1 5.5
IAA S00 ppm

Mist 2.3 7.2 12.4 17.0 9.8

Open 3.6 4.4 7.8 18.0 7.7
IBA 1500 ppw

Mist 3.2 9.0 17.8 25.4 13.9

Open 1.9 4.6 7.8 14.6 7.3
IBA 1000 ppm ‘

Mist 5.6 13.4 22.3 26.7 17.6

Open .0 5.8 10.6 15.0 8.7
IBA 500 ppm

Mist 2.0 7.8 14.4 20.9 11.2

Open 1.8 4.2 7.9 12.6 6.7
IAA ¢ 1IBA 1500 ppm

Mist 2.1 7.0 14.2 22.6 11.5

Open 2.3 4.1 9.3 8.0 5.9
IAR + IBA 1000 ppm

Mist 2.7 6.% 13.6 20.9 10.9

Open 2.0 4.2 7.7 8.9 5.7
IAA 4+ IBA 300 ppm

Mist 1.6 6.5 13.2 19.4 10.2

1.3 $.7 7.% 2.9 4.4

Control

Mist 1.8 5.7 11.7 15.7 8.8

m 1.8 4.6 6.1 7.1 4.9

cD 1,7% 4.4 8.9** 16.0%*

SEm + 0.7 1.6 3.5 3.9

WAP = Weeks after planting

Critical dAifference

8ignificent at 1% level



Table 9(b). Effect of growth regulators on length of roots (om) per cutting (rumners)

Traatment 3 wWAP 6 WAP 9 WAP 12 WAP Mean
Seradin-B 2.8 11.9 15.0 19.6 12.3
IAA 1500 ppm 2.3 7.3 14.2 21.2 11.3
IAA 1000 ppm 1.9 6.2 11.3 14.4 8.%
IAA SO0 ppm 2.7 6.1 10.8 16.4 9.0
IBA 1500 ppm 2.7 7.2 14.2 20.7 11.2
IBA 1000 ppm 4.5 10.2 18.98 22.9 14.0
IBA $S00 ppm 2.0 6.2 12.1 18.2 9.6
ISA + IBA 1500 ppm 2.2 S.9 12.3 20.2 10.2
IAA + IBA 1000 ppm 2.% 5.6 10.9 16.9 9.6
IAA + IBA 5S00 ppm 1.5 6.2 10.7 16.4 8.7
Control 1.9 5.3 10.2 13.6 7.6

cD 1,10 3.1 s, 50 ns

SEm ¥ 0.4 1.2 2.7 2.9

Table 9(c). Bffect of mist omn length of roots (em) per cutting (rumners)

Treatment 3 wWaP 6 WAP 9 WAP 12 VAP Mean
Mist 2.9 9.0 15.6 22.7 12.5
Open 2.2 4.0 8.7 12.9 7.1
CcD Q. 4% 1.2% 1.8%* 2.380
SEm + 0.2 0.% 0.7 1.0
WAP = Veeks after planting CD = Criticel Difference

** = Significant at 1% level NS = Not significant

6<
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Table 10(a). Effect of growth
per cutting under

60

lators on length of roots (om)
st and open (growing shoots)

Treatment 3 WAP ¢ VAP 9 WAP 12 WAP Mean
Serasdix-»
Mist 6.2 12.9 21.8 30.9 17.9
Cpen 3.6 7.9 16.0 25.0 13.2
IAA 1500 ppm
Mist 4.9 9.6 12.3 29.7 14.2
ODOB 21-7 : 700 16.0 20.0 11.5
IAA 1000 ppm
Mist 4.2 9.9 15.5% 25.9 13.7
Open 2.0 7.7 12.6 16.5 9.7
IAA  $00 ppm
Mist 4.3 76 15.8 24.2 13.0
Open 3.2 7.% 12.0 18.7 10.4
IBA 1500 ppm
Mist 6.5 10.8 20.4 35,2 18,3
Open 3.2 8.4 15.2 28.0 13.8
IBA 1000 ppm
Mist 7.7 15.3 a7.8 35.7 21.7
Cpen 5.2 8.9 15.7 a5.0 13.8
IBA $00 ppm
Mist 4.4 9.6 16.0 27.0 14.3
Open 3.3 6.4 15.7 28.0 13.4
IAA 4+ IEA 1500 ppm
Mist 4.0 8.8 16.6 27.0 14.1
Open 3.8 6.3 11.2 24.0 11.4
IA4 + 1IBA 1000 ppm
Mise 4.7 7.‘ 16.2 27.0 ‘309
Open 3.0 7.3 12.9 24.0 1:.8
IAA + 1BA 500 ppm
Mist 4.2 8.0 16.7 22.% 12.9
2.% 7.8 11.5 17.6 9.9
Contrel
Mist 4.1 5.1 13.4 16.8 9.9
Open 1.7 4.3 8.4 10.4 6.2
L= ») NS 6.0%* 5.1% 10.6%*
8km + 4.3 2.2 2.0 4.1

WAP = Weeks after planting
CD = Critical difference

*h

8ignificant at 1% level



Table 10(b). Effect of growth regulators on leagth of roots (eny/cutting (growing shoots)

Troatmant 3 wWAP 6 NAP 9 WAP 12 VAP Mean
Seredix-B 5.3 10.5 20.0 29.1 16.3
IAA 1500 ppm 4.1 8.5 13.4 26.7 13.2
IAA 1000 ppm 3.4 8.9 14.3 22.4 12.3
IA~r 500 ppm 4.0 7.6 14.0 22.3 12.1
IBA 1500 ppm 5.2 9.7 18.9 3.1 16.8
IBA 1000 ppm 6.8 12.7 22.9 31.3 1.4
IBA SO0 ppm 3.9 8.2 15.9 27.4 13.9
IAA + IBA 1500 ppm 3.9 7.8 14.0 26.0 13.9
IAA + IBA 1000 ppm 4.3 7.6 14.5 26.0 13.1
IA: + IBA S00 ppm 4.1 7.9 13.6 21.0 11.7
Control 3.3 4.8 11.5% 14.7 8.6
ch 3 3, T 4.0%* 6. 90

SEm + 1.4 1.9% 1.6 2.6

Table 10(c). Effect of mist om length of roots (cm) per cutting (growing shoots)

Treatmsnt 3 wap 6 VAP 9 WAP 12 WAP Mean
Mist S.2 9.9 18.5 28.8 15.6
Open 3.4 7.3 13.3 22.6 11.7
CD 1.1%® 1,30 1.6** 2.7%
Sim + 0.5 0.% 0.6 1.1
WihP = UWeeks after planting CDh = Critical 4ifferencs
** = Significent at 1% level N8 = Not significant

19
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growing and hanging shoots, the highest mean lengths recorded
vere 17.6 cm, 21.6 om,21.7 om respectively under IBA 1000 ppm
with mist. Ia laterals alsoc the sbove treatment was found to be
highly significsnt (20.4 om) compared tc IAA + IBA combination
treatments and control. 7The pooled data furnished in Tebles

>, 10b, 11b and 12b also showed the superiority of IBA 1000 ppm
on this root parsmeter. In runners & maximum mean length of
14.3 om was recorded vhile control resulted minimum of 7.6 om.
When cuttings of growing shoots, hanging shoots and lateresls
vere treated with IBA 1000 ppm, mean root lengths observed were
18. 4 om, 17.9 om and 11.1 om respectively (Fig.9 to 12).

IAA 1500 prea was found to be the second best treatment.

The results of the pooled snalysis of the data on the
effect of mist on length of roots produced by cuttings revezled
the benesficial effect of mist on the production of longer
roots (Teble 9c¢, 10¢c, 1ic and 12¢ snd Fig.14). In laterels
where the effect of mist was very much pronounced, the mean
length of roots under mist and open conditions were found ¢ be
19.4 om and 8.3 om respectively. Under mist runners produced
& mean root length of 12.6 om while growing shoots and henging
shoots produged respectively 1%5.6 cm and 15.3 om.

It is evident from the data that in 211 the four types
of planting materials the length of roots increased from the
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Teble 11(a). Effect of growth regulators on length of roots (om)
per cutting under mist and open (henging shocts)

Treatment 3 WA 6 VAP 9 WAP 12 WAP Mean
Seradix-B
Mist 4.9 11.% 20.1 32.6 17.3
Open 3.0 6.0 12.1 16.6 6.9
IAA 1500 ppm
Mist 5.1 10.0 17.9 27.% 15.2
Open 3.6 6.3 11.6 17.1 7.2
IAA 1000 ppm
Mist 3.8 7.9 16.4 24.6 13,2
Open 2.2 S.8 10.3 19.4 2.%
IAA 500 ppm
Mist 3.7 7.9 15.8 23.2 12.6
Open 3.3 $.3 8.7 13.0 7.6
IBA 1500 ppm
Miast 5.0 11.8 24.2 29.9 17.8
Open 3.9 7.2 11.6 16.4 9.8
IBA 1000 ppm
Mist 6.9 8.2 27.1 34.6 21.7
Open 4.3 8.9 13.1 19.4 11.8
IBA S00 ppm
Mist 4.4 8.2 15.9 26,0 13.7
Open 3.1 6.4 11.6 11.6 8.1
IAA + IBA 1500 ppm
Mist 4.9 9.3 15.8 26.4 14.1
Open 4.1 7.1 10.0 16.1 9.4
IAA + 1BA 1000 ppm
Mist 4.6 7.1 14.8 25.1 12.9
Opan 3.4 5.1 10.4 12.9 7.9
IAA + IBA 500 ppm
Mist 4.9 7.8 13.9 20.8 11.7
Open 3.7 5.0 10.6 11.6 7.7
Control
Mist 6.5 4.9 10.5 12.4 8.6
Open 1.9 2.4 6.1 6.3 4.2
Ch NS 4.2%¢ 5.8%* Y i
SEm 1.8 1.5 2.1 3.6
WAP =« Wecks after planting
CDh = Criticsl difference
** = Jignificent at 1X level
N8 = Kot significant



Table 11(b). Effect of growth regulaters om length of roots (em) per cutting (hanging shoots)

Treatment 3 wap 6 WAP 9 WAP 12 WAP Rean
Seradix-B 4.2 9.7 16.8 27.6 14.9
IAA 1500 ppm 4.6 8.9 15.0 24.6 13.1
IaA 1000 ppm 3.1 7.0 13.9 22.5 11.6
IAA 500 ppm 3.¢ 6.0 13.1 10.3 10.7
IBA 1500 ppm 4.6 9.0 19.2 25.9 14.8
IBA 1000 ppam 5.9 14.0 21.) 30.3 17.9
IBA SO0 ppm 3.9 7.4 13.2 15.2 10,2
IAA + IBA 1500 ppm 4.6 8.4 12.1 21.2 11.6
IAA + IBA 1000 ppm 4.2 6.2 13.0 20.7 11.0
1A/ + IBA 500 ppm 4.2 6.6 12.6 17.8 10.2
Contrxol 4.8 3.8 8.3 10.4 6.8
[+ ns 3, 2% S,2%¢ 8.4%¢

SEm ¢ 1.0 1.1 2.0 3.0

Table 11 (e¢). Effect of mist om

length of roots {am) per cutting (henging shoots)

1. RS 0t 0 W LA o AR AR

Treatment 3 WAp 6 WAP 9 WAP 12 wap Meon
Mist 5.0 10.2 18.6 27.3 15.3
Open 3.5 1.3 10.8 15.3 8.9
D 0.8%* 1,29+ 1.7%e 2,5%*
Sim + 0.4 0.3 0.7 1.1
WAP = VNeeks after planting CD =» Criticel aifference
** . 8ignificant at 1X level BS = ot significent
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Table 12(a). Bffect of growth regulators on length of rocts (em)
per cutting wnder mist and open (leterals)

Trestment 3 WAP 6 WAP 9 WAP 12 WAP Mean
Seradix-B
Rpst - 7.1 14.3 28.9 16.8
m - 697 8.5 110‘ 8.9
IAA 1500 ppm
Mlt - .o‘ 1‘.0 30-‘ 1&0‘
m - 50. .¢6 12.‘ 6t7
IAA 1000 ppm
Mist - 5.6 12.6 22.8 13.7
% - SQ’ ‘.2 1°o° 606
IAA 500 ppm
Mist - 4.9 11.2 23.9 13.3
m - 3.7 50‘ 10-0 6-5
IBA 13500 ppm
M't - ?01 15-‘ 28.2 1702
OPCn - 507 10.’ 15.1 7-1
IBA 1000 ppm
Mist - 8.1 20.3 29.3 19.3
Open - 5.7 10.7 15.6 7.4
IBA 500 ppm
Hllt - SQ‘ 10-0 2348 13.:
m - ..‘ 7.. 9.6 7.3
IAA + IBA 1500 ppm
Mist - .9 10.8 21,2 9.5
M - ‘.5 ‘.‘ 90‘ 6.8
IAA + IBA 1000 ppm
m had ’o‘ ‘.0 7.5 5-9
IAA + IBA 3500 ppm
Mist - 3.2 11.5 22,3 12.4
op“ - 2.1 ‘-’ 3.0 5.2
Control
Mist - 2.3 8.2 11.8 T.4
Open - 1.% S.4 6.4 4.4
CDh - T30 T30 10.,6%*
Sim - 3.1 3.2 3.1

WAP = Weeks after planting
CD = Critical 4ifference
*+ = 3Significant at 1% level



Table 12(b). Effect of growth regulators om length of roots (cny/cuttiag (laterals)

Treatment 3 WAP 6 WAP 9 WAP 12 WAP Hean
Seradix-b - 6.9 11.6 21.4 13.4
IAA 1500 ppm - 7.5 13.0 23.5% 14.7
1M 500 m - 4.5 ’.3 18.5 705
IBA 1000 ppm - 7.0 15.9 23.% 15.5
IBA 500 ppm - S.0 9.0 19.1 11.8
IAA + IBA 1500 ppm - 5.7 8.8 17.0 10.5
IAl + IBA 1000 pp - 4.4 8.3 18.9 10.5
IAA + IBA 500 ppm - 3.1 8.5 17.% 9.8
Control - 2.2 7.2 10.0 6.5
cD 3. 510 S.2%* 8.8*

Skm + 1.5 2.2 3.4

Table 12(e). Effect of mist on length of roots (om) per cutting (laterals)

Treatments 3 WAP 6 WAP 9 WAP 12 WAP Mean
Open - 5.2 7.7 11.8 8.2
(4 +] - RS 1.“' 200.‘
8& ’-‘ - O.‘ 0-6 ﬁ.?
WAP = Weeks after planting CD = Critical difference

. o S8ignificant at 1% level * - Significant at S% level

T



LENGTH OF ROOTS (Ccm)

24 —

Ty
Tf CONTROL T3
T2 SERADIX
T
Ts 1AA {500 ppm 3
22 1 T4_ i {000 w
T5 0 500 1 T,
Tg 1BA 1500 ppm
T7 n 1000 n
20 _1 TB 1" 500
Tg JAA+1BA 1500 ppm Te
Tio " u 1000 Tio
T" T 1 500 Ts

T T
3 6 1

9
WEEKS AFTER PLANTIN G

FIG. 12 EFFECT OF GROWTH REGULATORS ON LENGTH OF ROOTS FER
CUTTING IN LATERALS (PLAGEOTROPHS).




MIST

i

w u
FoF
o 0 "
o 0 Jd
I ,
SSS
0w 4
RN%A
Ew..n
2z NOG.E
Wz Z ¢
o o < ¢«
c 0 T 4
nh o
ERGHL
1 i
R
ONILOONH 40 ADWVANIBON I
) G D 0 Sy IS D GEP A GDF GEN N AND NS Ry SR SRS NS e o
i 1 { i { 1 i | i i J
9 @ © N o 0 © e N ~ °
i e
n
e e b4
B
l L | ] Y | | ] 1 1 |
° 2 © N © 0 < 0 N - 0

S100MW 40 MIGEWAN

FIG.15 EFFECT OF MIST ON ROOTING
OF CUTTING

LENGTH OF gooTS PER CUTTING

FIG. 14 EFFECT OF MIST ON MEAN -

NUMBER OF ROOTS PER CUTTING.

FIG. 13 EFFECT OF MIST ON MEAN -




16

NUMBER OF ROOTS

(U]
[} :
+ Z |
0 F !
0 8 /
r Y 50 _| :
L /
o] L :
T Y /
+ ] /
/ 9 9 -’
7
- N W b 40—4 /
:/ - P |
/ u H
6 _| : ) |
/ X :
5 / rL] 30 /
i ; q
4 :/ / RUNNERS
:/ l — ——— — GROWING SHOOTS
3 / 20 _j / e HANGING SHOOTS
/ / ———.— LATERALS
2 | |/ /
/
LI /:/ 10 _|
N .,/ )‘f
o 1 1 J o 1 i ] o 1 1 1
3 6 9 12 = 6 9 12 x 6 ) 12
WEEKS AFTER PLANTING WEEKS AFTER PLANTING WEEKS AFTEM PLANTING
FIG.16. EFFECT OF 1BA 1000ppm ON FIG. 177 EFFECT OF IBA 1000 pPpMm ON FIG .18. EFFECT OF IBA 1000 PPM ON

NUMBER OF ROOTS PER CUTTING. LENGTH OF ROOTS PER CUTTING . ROOTING OF CUTTING .




bt

initial stage to the finel stage of observaticn. In runners

at the earliest stage itself effect of best growth regulator
under mist was highly pronounced. During third week of planting
8 length of 5.6 cm was noticed and finally after twelve veeks
the length was 28.8 om, though the effect of growth regulatorx
was not significant in the finsl stage of observation. In
growing shoots and hanging shoots though the trestments did not
differ significently in thc‘initial stage upto three weeks of
planting at all other intervals it was fcund to be significent.
In latexrsls most significant effect of the best treatmant was
noticed after nine wesks of planting and up to three weeks of
planting they did not produce ny roots either under mist or
open (Fig.17).

4.1.4 Fresh weight of roots

The results of the dats on the effect of growth
regulators and mist cn freah weight of roots per cutting ere
pressnted in the Tables 13 to 16.

Runners, under mist recorded a meximum mean fresh
welight of 324.7 mg when trezted with IBA 1000 ppm. After nine
weeks and twelve weeks of plenting though there was no
significant difference between the treatment, IBA 1000 pym end
1500 ppm trectments resulted in more fresh weight values.

Growing shoots showed & maximum mean fresh weight of
353 mg, when trested with IBA 1000 ppm under mist condition.
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Table 13. Effect of growth regulators on fresh weight of
zoots (mg) per cutting wnder mist and open (rumners)

Treatment 3 WAP 6 WAP 9 WAP 12 WAP Mean

Sersdix-B

Mist 8s5.8 240.3 270.3 370.4 241.9

Open 55.7 139.2 230.2 280.8 176.5%
IAA 1500 ppm

Mist 69.4 276.7 290.0 3%9.3 243,.9

Open 46.5 136.4 248.9 289.4 180,3
IAA 1000 ppm

Mist 86.6 218.2 268.0 301.9% 212.6

Open 42.5 109.5 25%.0 270.6 169.4
IAA SO0 ppm

Mist 78.6 317.4 2%8.0 298.3 213.2

Open 34.2 117.8 22%.0 260.2 159.4
IBA 13500 ppm

Mist 108.6 279.0 317.9% 390.4 301.0

Cpen 53,3 177.6 280,93 a7s.6 196.9
IBA 1000 ppm

Mist 139.1 387.0 317.8 454.5 324.7

Open 88.6 268.9 209.6 320.5 261.9
IBA S00 ppm

Mist 60.7 238,2 249.8 325.3 218.6

Open 37.3 112,83 250.8 250,0 162.7
IAA ¢ IBA 1300 ppm

Nist 63.4 22.9 239.1 299.9 206,9

Open 35.6 119.3 2%0.3 240.0 161.3
IAA 4+ IBA 1000 prm

Mist 80.6 219.7 238.3 300.9 209.9

32.1 108.0 240.8 238,0 154.8

Control

Mist 49.3 148.0 185.4 170.4 130.8

Open 30.0 80,2 99.0 110.% 79.9

cD 89.0* 167.9* NS |

8Em ¢ 33.9 101.0 62.0 121.4

WAP = Weeks after planting
CD e Crivicel difference
** = Significant at 1X level
N3 = Mot significant



Table 14. Effect of growth regulators on fresh weight of roots (mg)
pexr cutting under mist snd open (growing sheots)

Trestument 3 wap 6 WAP 9 AP 12 WAP Nean
Seradix-B
Mist 72.7 287.5% 387.4 399.5 2686.3
Open 36.9% 129.7 240.7 320.6 181.9
IAA 1500 ppm
Mist 96.9 358.2 360.93 398.4 278.8
Open 40.1 129.7 258.0 268.6 174.1
IAA 1000 ppm
Mist 92.0 207.3 320.8 322.6 235.8
IAA 500 ppm
Mist 7.8 176.6 300.0 316.0 a17.6
Open 30.7 97.6 245.2 260,.4 158.3
IBA 1500 ppa
Miet 110.4 310.8 397.4 419.6 337.2
Open 54.3 187.7 280.0 3%6.3 212.2
1BA 1000 ppm :
Miast 121.9 378.2 447,3 465.1 383.1
Open e4.0 178.9 367.0 375.1 251.3
IBA 500 ppm
Mist 0.3 229.1 298.2 340.6 234.9%
Open 31.9 105.0 280.8 258.% 168.9
IAA + IBA 1500 ppm
Mist 67.6 178.9 300.8 315.6 218.7
Open 32,3 108.3 280.1 241.2 167.0
IAA + IBA 1000 ppm
Mist 79.1 191.2 288,0 311.0 217.58
Open 30.1 103.1 228.0 300.0 165.4
IAA + IBA 500 ppm
Nist 671 192.4 230.6 300.0 195.7
29.3 76,3 195.6 220.0 105.8
Control
Mist 41.9 143%.8 184.3 189.6 140.5
Open 1%.2 91.8 112.1 120,% 85.9
Lo +] 161.3* 174.5%* 249.1* ns
Skm 2 71.3 77.3 73.4 100.7
WAP = UWeaks after planting
CD = Criticel difference
** = Bignificent at 1% level
RS = Jot significant



Table 15. Effect of growth regulator on fresh weight of
roots ) per cutting undexr mist snd open
(hanging shoots)
ZTrestment 3 NAP 6 WAP 9 WAP 12 wWAP Meaan
Sexsdix-B
Misx 87.1 344.9 266.5 376.3 243.7
Open $0.7 136.4 210.% 290.3% 172.0
IAA 1500 ppm
Rist 87.9 250.2 208.6 379.4 251.9
Open $5.4 130.2 399.8 290.2 191.4
IAMA 1000 ppm
Mist 77.1 a12.6 270.2 310.4 217.6
Open 29.9 112.2 241.4 255.6 159.8
IAA 800 ppwm
Mist 75.4 210.0 259.4 335.4 317.8%
Open 30.3 12¢6.9 234.9 2%0.3 160 ¢
I8A 1500 ppm
Mist 82.9 209.9 327.8% 390.8% 272.7
Open 48.6 169.7 208.7 280.4 196.8
IBA 1000 ppm
Mist 22.6 356.6 337.2 460.4 319.2
Open 85.3% 187.0 287.2 311.1 217.8
IBA 300 ppm
Kigt 71.0 222.9% 282.1 330.5% 272.2
Open 36.7 135.3 2080.6 251.6 176.0
IAA + IBA 1500 ppm
Mist 74.8 192.8 244.6 315.6 206.8
Open 26,3 120.6 240.3 268.5 163.9
IAA + IBA 1000 ppm
Mist 68.0 i87.1 238.0 306.9 192.4
Open 40.2 110.1 244.9% 300.0 123.7
IAA ¢+ IBA 3500 ppm
Mist 59.0 174.3 210.8 303.0 186.8
33.7 101.8% 215%.9 289.4 160.0
Control
Mist 45.2 150.8 187.0 175.8% 132.1
Open 18.9 83.2 112.1% 115.0 82.8
<D 84.4* 133,30+ NS N3
SEm ¢ 36.1 56.9 65.9 94.0
WAP = Veeks after plenting
CD = Criticesl difference
** = BSignificant at 1% level
HS = MNot significant



Table 16. Bffect of growth regulators on fresh weight of

roots (mg)
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pex cutting under mist and open (laterals)

Treatnaent 3 WAP 6 VAP 9 WAP 12 VAP Nean
Sexedin-B
Misc - 86.4 349.9 260.0 198.9
Cpen - 42.6 199.4 200.0 147.3
IAA 1300 ppm
m - 3’-’ 3’309 1’5.6 155.’
IAA 1000 ppm
Nist - 70.7 21%.0 220.0 168.5
Open - 21.6 163.5 180.0 121.7
IANA 800 pym
m - 26-’ 18200 188.0 13:.3
IBA 1300 ppm
Mist - 08.0 209.9 299.9 225.9
Open - 43.0 210.9 261.1 171.7
IBA 1000 ppm
Mist - 127.7 294.1 350.0 257.3
Open - 49.2 250.1 279.9 193.1
IBA S00 ppm
Mist - 60.6 219.8 230.0 170.2
Open - 40.9 185,.8 20S5.1 143.9
IAL ¢ IBA 1500 ppm
Mist - 58.8 214.2 221.8 164.9
Open - 32.0 244.7 202.0 159.6
Irs + IBA 1000 ppm
Nist - 75.6 202.0 211,0 162.8
- 30.9% 176.0 175.2 127.4
IM + IBA 500 ppm
Mist - 65.3 189.) 270.0 158.2
Control
M - 200’ '30‘ ”09 ‘707
[+ +] - 127.4* ns 184,74
Sim & - 37.% 68.6 52.6
WAF = Wesks after plenting
CD = Criticel diffesrence
** & Bignificant at 1% lewel
N8 = Dot significant
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Mean fresh weight was found to be lowvest for control parti-
cularly under open condition (85.9 mg). There was no
significant difference betwesn IBA 1000 and 1500 ppm and
S8eredix-B tresatments on the sixth week of observation with
respect to fresh xoot weight. In hanging shoots also the
superiority of IBA treatment with respect to this parameter weas
evident from the data. Under mist the mean meximum fresh
veight (319.2 mg) was observed for IBA 1000 prm followed by

IBA 1500 ppm (272.7 mg) and IBA $00 ppm (272.2 mg). With regard
to fresh weight of roots the laterels recorded significent
differences among trestments on six weeks and twelve weaeks of
planting. However, the difference was not ststisticslly
significant on ninth week of planting. The mean fresh weight
values of 2%7.3 mg end 193.1 m¢ respectively for IBA 1000 ppm
under mist and open conditions were recorded followed by

IBA 1800 ppm and Seradix-B treatments, under mist condition.

In different plenting materials the treatments differed
significantly with regard to fresh weight of roots. In general,
all the trez2tments under mist resulted in more fresh vweight
compared to treatments under opaen conditions.

4.1.5 Fresh weight of shoots

The results on the effect of growth regulators and mist
on fresh weight of shoots per cuttings are tsbulated in
Tables 17 o 20.
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Table 17. Effect of ?t.ﬂlh reguletors on fresh weight of
shoots (mg) per cutting under mist and open (rumners)

Trestmont 3 WAP 6 VAP 9 WAP 12 wWAP Mean

Serasdix-8

Mist 204.3 734.9 1531.8 1691.2 1038.8

Open 46.8 393.9 856 .5 1889,.9 759.3
IMA 1300 ppm

Mist 363.6 693.3 1001,2 2136.9 1048,8

Open 187.6 $59.3 773.8 1143,2 665.9
IAA 10600 ppw

Nist 2%2.3 640.% 76%.8 2310.8 992.2

Open 115.8 449.4 693,2 1775.8 7%8.6
IAL  $00 ppm

Mist 250.7 602.4 777.0 730.9 $91.7

Open 102.0 329.7 674.9 1708.3 702.9
IBA 1500 ppm

MNist 140.8 568.9 1135.0 1144.4 747.2

Open 23.0 394.0 710.1 1537.2 €75.1
IBA 1000 ppm

Mist 234.6 659.4 1538.7 1393.7 1022.0

Open 102.4 310.5% 123%4.8 1599.6 816.8
IsA 500 ppm

Mist 311.9 $70.2 1160.2 659.8 677.%

Open 133.2 602.0 903.4 1634.9 838.4
IAM + IBA 1500 ppm

Mist 121.0 629.6 1204.1 762.8 €79.4

Open 84.2 $93.1 746.1 1322.) 686.4
IAA + IBA 1000 ppm

Mist 291.1 785.0 1061.) 1168.8 826.%

Open 107.2 426.1 959.4 1488.3 720.3
IAA + IBA 300 ppm

Mist 171.83 623.4 1007.8 697.0 624.9
Coatrol

Mist 167.7 347.6 €34.3 1162.5 633.0

Open 45.9% 172.1 2686.1 1278.3 $16.0

<D 146.3%* 434,.9* N8 1208.9*

SEm & $2.8 161.8 313.7 455.6

AP Weeks after planting

bl Significant agt 1% level

-
CD =« Critical difference
-»
N8 = Mot significant



Tadble 18. Effect of gtouth regulators on fresh weight of
pc: cutting under mist and open

(growing shoots)

shoots (mg

-—

Trestment 3 WAP ¢ VAP 9 WAP 12 VAP Mean

Serasdix-B

Mist 122.2 913.9 1101.3 1812.7 914.0

Open 38.7 487.2 1614.4 1139.8 812.8
IAA 1800 ppm

Mist 18%.0 656.9 1347.3 1679.% 967.2

Open 142.6 323.6 1627.3 1712.7 951.6
IAA 1000 ppm

Mist 114.2 815.2 137%.1 103¢.8 835.3

Open 137.2 533.2 1138.4 15013.7 828.1
IAA 300 ppm

Mist 131.0 71%.0 1775.0 791.7 8%3.3

Open 4.1 316.2 777.8 1734.9 720.8
IAA 1300 ppm

Mist 128.3 666.2 1577.3 1477.3 962.)

Open 142.6 405.% 3046.0 19%83.4 1136.9
IBA 1000 ppm

Rist 164.6 614.6 2068.0 1876.3 1180.9

Open 112.9 323.8% 1443.7 2566.0 13%8.1
IBA S00 ppm

Mist 322.9% 487.3 1508.6 1005.2 830.9

Open 68.9 301.4 13%6.6 1830.0 889.2
IAA 4+ IBA 1300 ppm

Mist 178.7 48%.7 1119.0 1707.9 872.1

Open 105.4 793.0 1006.1 810.3 678.7
IAA ¢ IBA 1000 ppm

Mist 141.2 1073.6 1393.9 713.1 830,2
‘ Open 63%.6 $59.6 1163.2 593.4 $96.9%
IMA + IBA 300 ppm

Mist 143.8 1191.0 1562.9 $44.8 860.%

Open 86,0 613.6 835%.6 778.6 $78.4
Control

Mist 143.5 484,0 579.9 721.6 482.3

Open 3.3 337.7 $97.2 1680.7 663.0

¢D 191,00+ ¢ 744, T4 Ns

Sin ¢+ 77.1 1270.9% 278.8 728.0

WAP = Neeks after planting
CD = Critical difference
** = Significant at 1% level
K3 = JNot significant



Table 19. BEffect of
shoots (mg
(nanging shooss)

f

rowth regulators on fresh weight of
pexr cutting under mist and open
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Trestment 3 WAP ¢ WAP 9 WAP 12 WP Mean

Sersdin-B

Mist 170.3 688.0 1269.0 1471.1 899.5

Open $7.1 299.4 1512.8 1947.1 1043.1
IAA 1500 ppm

Mist 177.0 439.9% 887.8 10%6.6 640.0

Open 71.1 823.4 1836.4 1335.7 1021.2
IAA 1000 ppm

Nist 149.1 279.9 1006.1 1023.% 614,95

Open 49.0 562.4 1421.6 1460.2 878.2
IAN 300

Mist 164.9 672.3 972.6 1%87.2 849.1

Open 34.1 185.1 1831.9 1473.8 880.0
IBA 1500 ppm

Mist 124.0 560.) 1082.2 1772.9 877.2
IBA 1000 ppw

nist 196, ¢ 665.8 1720.6 1582.1 1046.1

Open 64.9 326.2 1%12.8 1084.9 747.0
IBA 300 ppm

Mist 230.0 806.2 1007.6 960.8 7%1.2

Open 63,1 284.9 977.3 734.1 514.0
IAA + IBA 13500 ppm

Mist 280,464 317.4 992.0 1877.8 866,.8

Cpen 77.2 238.7 771.1 744.6 457.9
IAA ¢+ IBA 1000 pom

Mist 232.7 718.4 1830.0 1471.8 1062.2

Open 17.1 218.3 810.0 7%0.6 448.4
IMA ¢ IBA 300 ppm

Mist 132.3 822,686 1044.0 1128.) 781.7

Open 16.8 298.3 778.7 1171.8 566.3
Control

Kist 94.3 471.9 $81.4 1802.8% 737.3

Open $2.6 a38.7 788.6 997.% 519.3

cD 121.5% N8 829 .9%¢ N8

SEm & 44.8 223.2 299.4 44,9

WAP = Wecks after planting
CD = QCriticel aifference
** = Significant at 1% level
H8 = JNot significant



Table 20. Effect of

?tﬂ"

shoots (mg) per

th regulator on fresh weight of
cutting under mist snd open (laterals)
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Treatnent 3 WAP 6 WAP 9 WAP 12 WAP Mean
Seradix-B
Mist 24.9 2a79.7 1128.9 1734.4 785.7
Cpen 23,1 134.5 1019.3 1338.8 628.8
IM 1800 ppm
Mist 27,2 873.% 1314.93 1550.8 948,)
Open 17.9 $7.9 1066.6 696,.2 459.9
IMA 1000 ppm
Mist 23.1 491.6 768.7 738.4 504.7
Open 7.4 72.4 760.0 740.2 395.0
IAA 3500 ppm
Mist 24.6 631.8 996.8 646.8 $74.9
IBA 1300 ppm
Open 5.4 76.7 843.9 680.4 402.6
IBA 1000 ppwm
Open 17.0 68,2 824.6 1379.9 $72.4
IBA $00 ppm
Mist 30.9% 8.4 909.3 846.) 468.5%
Open 13.6 69.3 2041.) 776.7 728.2
IAA ¢ 1BA 13500 ppm
Mist 77.6 677.2 7%3.8 772.7 570.3
IAA 4 1BA 1000 ppwm
Mist $9.8 762.8 696.3 $97.9 3%54.2
Open 7.2 94.%5 1827.3 7%7.2 $96.9
IAA + IBA 3500 ppm
Mist 21.6 390.3 718.1 603.9 432.%
Open 3.6 22,2 1097.1 778.6 475.4
Control
Open 15.8 37.8 400.9 413.1 220.6
c» 35,42 633,23 us 1000.7*
Sim ¢ 13.4 246.1 480,3 346.9
WAP = Weeks after planting
D = Critical &ifference
" Significant at 1% level
M8 = Hot significant
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In runners & maximum mean fresh weight of 1048.8 mg
was observed vhen treated with IAA 1500 ppm under mist
condition. During the third week of cbservation IAA 13500 ppm
shoved significant incresse in fresh weight but later on
trestnents IAA 1000 ppm, Seradix~B and IDA 1000 ppm were on
par with regard to this parsmeter. TYor growing shoots during
sixth and twelth week of observation there was no significant
difference between trestments, but 2 maximum mesn fresh weight
of 1358.1 mg wes recorded when treated with IBA 1000 ppm under

open condition.

In hsnging shoots during the early stages, up to six
vesks combination treatments such as IAA + IBA 1500 ppm and
1000 ppm produced meximum fresh weight, 380.4 mg end 232.7 mg
respectively. But later, on ninth week, IBA 1000 ppm and
Seradix-B trestments with mist produged more fresh weight.

On the laat cbservation thers were no statistical éifferenee in
shoot weights but maximum shoot weights vere recorded in
treated cuttings.

In leterals roct production wes not started up t© three
weeks of plenting but & significsnt difference between the
trestments were obaserved in fresh weight of shoots. Combination
treatments IAA + 1IBA 1300 ppm and 1000 ppm under mist produced
higher shoct weighte. A mean maximum fresh weight of 948.3 mg
was produced by cuttings treatad with IAA 1500 ppm under mist



Table 21. kffect of growth regulators on d¢y metter content of
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zoots (mg) per cut under mist and epen (runnerxs)
Treatment 3 wap 6 WAP 9 WAP 12 WAP Matn

Seradix-B

Mist 17.9 4.0 60.0 80.9 $3.2

Open 10.6 31.9 s1.8 62.3 9.2
IAA 1500 prm

Mist 1%5.7 62.0 64.6 79.6 19.9

Open 10.6 30.8% $s5.6 64.3 40,3
IAA 1000 ppm

Mist 19.9 49.3 59.8 67.0 49.2

Open 12.3 24.3 $6.7 47.% 35,2
IAA  $00 ppm

Mist 17.6 46.3 $7.3 66,3 46.9

Open 8.1 25.8 49.9 57.0 38.2
IBA 13500 ppm

Mist 24.6 62.0 70.5 89.7 61.7

Open 12.1 37.9 62.3 61.5% 43.8
IBA 1000 ppm

Mist 1.1 5.9 69.8 10C.9 71.9

Open 20.1 $9.8 64.4 7.2 3.0
IBA S00 ppm

MNist 12.9 52.9 4.3 72.4 48,1

Open 2.5 22.8 58.7 55.% 35,6
IAA + IBA 1500 ppm

Mist 14.7 49.6 $1.7 66.6 45.7

Open 8,2 26.9% $8.7 53.4 36.0
IAA + IBA 1000 ppm

Mist 18.2 48.8 $2.7 66,8 46,6

Open 7.2 24.0 $3.8 52.8 4.6
IAA + IBA 3500 ppm

Mist 13.8 92.1 45.6 69.3 42.7

ogﬂ 6,2 9.2 46,7 66.6 39,7
Contro

Mist 11.1 32.7 34.9 36.7 28,8

Open 6.8 17.8 22.1 - 15.6

D 20.0* 36,6 ns N8

Sim ¢ 7.6 13.9 22.6 26.7

WAP = Veeks after planting
CD = Critical d4ifference
*+ = Significent at 1% level
N8 = Dot significant
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Table 22. Effect of growth regulaters on 4ry matter content of
zoots (mg) per cutting under mist end open
(growing shoots)
Trestments 3 WAP 6 WAP 9 WAP 12 WAP Mean
Seradix-B
Mist 22.1 63.8 86.0 88.3 6S.1
Open 8.3 20,8 51.7 71.2 40.0
IAA 1500 ppm
Nist 22.0 43.1 80.1 88.2 58.9%
Open 9.1 40.4 87.3 60.1 41.8
IAA 1000 ppm
Mist 20.9 29.9 .2 71.3 48,3
Open 7.1 23.4 8s5.3 $7.3 35.9
IAA $00 ppm
Rist 17.4 72,1 64.4 €9.8 $7.5
Gpen 7.0 36.3 54.5 $7.4 38.8
IBA 1800 ppm
Open 10.1 23.1 $9.6 52,6 36,4
IBA 3000 ppm
Mist 27.3% 84.6 105.6 108.3 81.5%
19.1 40,3 81.4 e2.9 5.7
184 300 ppm
Miast 16.0 s0.8 66.2 75.6 52.2
Open 7.4 23.7 62.4 7.4 37.7
IAA + 1IBA 1500 ppa
Mist 15.4 39.1 66.8 70.1 47.9
W 8.7 24.) 62.2 53.6 37.2
Ihs ¢ IRBA 1000 ppm
Mist 17.9 42.4 64.0 6%9.1 48.4
Open ¢.8 22.9 48,3 66.7 3é.2
IAA + IBA 3500 ppm
Mist 13.6 42.7 $1.2 66.7 43.6
- 1’.‘ 45.7 56.3 ‘0;‘
Control
Mist 2.5 32.4 41,0 42.7 31.3
m .4 20.4 24.9 26,8 19.1
L4 <] 26.4% 39.4%* S4.4* KS
SEm + 9.5 1%.2 17.6 22.%
WAP = VWeeks after planting
CD = Criticel difference
** = Significant at 1% level
N3 = JNot significant
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Table 23. Effect of growth regulators on dry matter content
of roots (mg) per cutting under mist and open

(hanging shoots)
Trestment 3 AP ¢ WAP 9 VAP 12 WAP Mean
Seredix-d
Nist 21.9% $4.0 $9.2 a3.é 4.8
Open 11.5 30.3 46.7 64.7 38,3
IAA 1300 ppm
Nist 19.9 $5.9 64.1 84.3 56,1
Open 12.6 28.9 66.6 56.8 41.2
IAA 1000 ppm
Mist 17-5 47.3 60.0 “o’ 48.4
Open 6.9 24.8 $3.6 $7.4 35.7
IALA $00 ppm ,
Nist 17.% 46.6 $6.2 72.2 48,0
Open 6.9 25.7 52.2 55.6 3s.1
IBA 1300 ppm
Mist 18.0 64.4 72.7 86.7 60.7
Open 11.1 38.3 6).9 62.3 43.9
IBA 1000 ppm
Mist 27.9 79.2 74.9 102.3 71.1
Open 19.8 41.7 62.6 7%.9 49.9
IBA 300 ppm
Mist 8.3 44.4 62.7 74.0 47.4
Open 16.1 27.3 62,2 36.0 40.4
IAA + 1IBA 1500 ppm
Mist 17.1 43.6 4.3 70,2 46,3
Open 6.0 26.7 53.4 59.6 36.4
IAA ¢ IBA 1000 ppm
Mist 15.5 37.0 52.0 79.% 456,32
Open 7.8 24.3 S4.2 66.6 38.2
IAA ¢ IBA $00 ppm
Mist 13.1 38.7 46.9 69.7 42.0
8.2 22.5% 46,0 64.3 40,8
Control
Mist 10.3 33.4 34.8 37.3 28.9
Open 4.3 18,9 20.% 25.5% 17.3
Lo +) 20,2* 29,70 ne R3
stm 3 8.1 10.7 17.3 21.7
WAP = Weeks sfter planting
CD » Critical difference
** = BSignificaat at 1% level
BB = JNot significant



Teble 24. Effect of growth regulators on dry matter content of
gocts (mg) per eutting under mist and open (laterals)
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Treatment 3 WAP 6 WAP 9 WAP 12 wAP Meon
Seradix-B
Mist - 19.3 $3.9 57.8 43.6
m - ’.5 ‘4-3 “.5 32'8
IAA 1500 ppm
Nise - 20.9 $2.4 $3.2 42.0
Open - e.9 $2.3 82.7 37.9
IAA 1000 ppm
u.t - 150' ‘7.‘ ‘8-5 37.‘
W - ‘0' 36-3 39.9 :700
IAA 300 ppm
Mlt - 150‘ ‘60' ‘6.5 ,602
Open - 6.0 40.8% 41.8 29.4
iBA 1500 ppm
u" - 1’&5 6‘.‘ 66.7 50.2
°P.n - ’.5 ‘60‘ 5800 3800
IBA 1000 ppm
“‘.t had 2$“ ‘5.2 77.. 57¢1
Opcn had 10.9 58.1 62.0 42.7
IBA 300 ppm
Mist —-— 22.6 48.7 50.4 40.9%
op.ﬂ - 9.1 41.1 44.8 31.7
IAA + IBA 1500 ppm
“'t - 1,03 ‘7.’ ‘7.‘ 36.1
OPG - ,.1 “01 54.’ 38-1
IAA + IBA 1000 ppm
Kist - 16,8 46.1 46.8 36.6
% - ‘Q? 38.5 33‘5 2800
IAiA + IBA 500 ppm
M.t - l‘&’ ‘l" ‘60’ 35.2
-~ 4.9 37.0 37.7 26.9
Control
Mlt - ..5 ’20‘ ’207 2‘.6
Cpen - - 18.3 18.9 18.6
Cb - 26.7 RS 34.5*
m : - ’o‘ 190‘ 10.2
WAP = VHeeks after planting
CD = Criticel difference
** w Significant et 1% level
N8 = BRot significant
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condition wvhile the lowest fresh weight was observed for
control trestment under open condition.

4.1.6 Dry matter content

The data presented in Tables 21 to 28 indicated the
effect of different growth reguletors at verying concentrations
and mist on dry matter contsnt of roots and shoots produged by
different types of planting materials.

In all the planting materials, under mist the maximum
mesn dry content of roots was ncoticed for treatment with IBA
1000 ppm followed by IBA 1500 ppm and Serzdix-B. The runners,
growing shoots and hanging shocots 4id not produce any sigaificant
difference in the dry matter production of roots during the
twelth week of observation while laterals 414 not produce any
significant difference during the ninth weak.

The effect of different growth regulators on 4ary matter
content of the shoots revealed thet in gunners a maximum mean
dry matter content of 174.7 mg waas obtained vhan cuttings were
treated with Serasdix-B under mist condition while the lowest
(85.9 mg) was recorded for control psrticularly under open
condition. In growing shoots and hanging shoots IBA 1000 prm
resulted a wmaximum mesn 4ry matter content of 197.4 mg end
178.8 mg respectively under mist while in leterzls IBA 13500 ppm
produced highest 4ry mettexr content of shoots (166.8 mg).



Table 28. Effect of
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regulators on Adry magter content of

§ per cutting under mist and open (runners)

shoots (mg
Treatment 3 HAP 8§ VAP 9 WAP 12 WAP Mean

Serasdin-B

Mist 34.0 106.1 114.0 281.7 108.9

Open 8.3 40.6 142.6 286.9 119.6
IAL 1500 ppm

Open 31.2 93,2 128.8 176,2 99.6
IAA 1000 ppm

Mist 42.1 106.7 127,3 385.0 165,3

Open 19.3 7%.0 115.4 296.1 126.5%
IAA 300 ppm

Mist 42.7 100.7 129.6 127.2 100.1
IRd 1500 ppm

Mist i8.4 9s5.1 190,.2 190.0 123.4

Open 3.7 65.4 118.3 249.0 109.3
IBA 1000 ppm

Open 17.1 54.7 204.9 267.1 136,0
IBA 300 ppm

Open 22.2 100,.2 163.8 272.4 139.7
IAA ¢ IBA 1500 ppm ’

Mist 20.9% 104.6 300.9 127.0 113.2

Open 13,7 9.3 124.2 219.9 114.3
IAA ¢+ IBA 1000 ppm

nist 48.9 120,8 158.6 166.4 118.6

Open 14.4 66.8 143.2 247.8 118.2
IAA + IBA 300 prm

l“..t ”03 104.2 “7" 115.9 104,2

Opea 1.9 68,9 130,121 169.3 90.0
Control

Nists 27.9 9.7 113.8 193.7 106.7

Open 7.6 28,7 94.6 212.8 0%.9

ch 24.1% ns ] 199,7*

SEkm 3 8.9 26.6 47.3 72.3

WAP = VWgeks after planting
€D = Criticel difference
** = Significant at 1% level
NS = HNot significent
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Table 26. Effect of growth regulators on d4dry matter conteat of

shoots (mg) per cutting under mist and open
(growing shoots)

Treatment 3 WAP 6 VAP ® WAP 12 WAP Mean
Seradin-B
Mist 18.8 148,2 176.3 252.0 148.8
IAA 1500 ppm
Mist 27.5 109.5 224.6 277.9 159.8
Open 23.8 53,9 238.0 2058,2 1588.2
IAA 1000 ppm
Mist 19.1 108,1 229.1 171.3 131.9
Open ‘22,8 88.9 189.7 301.1 150.6
IAA 800 ppm
Mist 17.2 12C.1 29%.8 130.7 142.8
Open 9.0 39.3 129.% 147.2 81.3
IBA 1500 ppm
Mist 21,3 110.7 202.8 246.8 160.4
Open 23.7 67.% 340.9 324.8 196.3%
IBA 1000 ppm
Mist 27.3 10%5.3 344.9 312.6 197.4
Open 8.8 53.8 240.5 41%.6 182.2
IBA S00 ppm
Mist 51.4 81.% 25%1,3 167.2 137.9
Open 11.% $0.2 225.9 304.9 148.1
IAA # IBA 1800 ppm
Mist 29.8 80.9 189.4 162.2 115.6
1AM + IBA 1000 ppm
Mist 23.5 109.9 234.5 118.9 121.7
Open 9.6 94.3 193.9 99.7 99.4
IAA + IRA 500 ppm
Mist 24.0 196.4 260.2 %0.8 143,2
14.2 102.2 138.1 129.6 96.0
Control
Mist 23.9 80.4 96.6 120.3 80.3
Open .8 $6.2 99,2 260,0 10%.3
o ») 30.8* HS 121.4%%  381.3*
SEkm ¢ 12,3 39.9 43.3 101.3
WAP = weeks after planting
Ch = Criticel difference
** = Bignificant at 1% level
N8 = DJiot significent
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Table 27. Effect of ?xowth regulators on dry meatter content of
shoots (mg) per cutting under mist and open
(hanging shooss)
Trestment 3 WAP 6 WAP ? WAP 12 WAP Nean
Seoradix-B
Mist 28,4 114.6 211.4 a45.1 149.9
IAAN 1500 ppm
Mist 29.5 86.2 147.3 178.8 109.7
Open 11.8 137.6 309.2 222.5 170,.3
IAA 1000 ppm
Mist 24.0 46.7 187.6 170.% 102.4
Open 8,2 83.4 236.8 244.6 143.2
IAA 500 ppa
Mist av.4 112.1 162.0 408.7 178.0
: Open 4.7 3.2 304.8 a45.% 146.8
IBA 1500 ppm
Mist 20,6 93.4 175.4 295.4 146,.2
IBA 1000 ppem
Mist 32.7 114.7 286.7 261,.6 178.8
Cpen 11.1 4.3 252.0 180.7 124.9
IBA 300 ppm
Mist 37.8 134.5 167.9 159.9 125.0
Open 10.5 47.1 162.8 121.6 6s.%
IAA + 1IBA 1500 ppm
Mist 47.0 52.8 186.8 311.7 149.6
12.9 7.8 128.4 116.4 74.4
IAMA ¢ IBA 1000 ppm
Mist 38,6 117.7 254.9 245,2 164.1
Open 2.9 35.9 138,11 128.2 74.8
IAA + 1IBA 3500 ppm
Mist 22.3 137.1 173.9 187.9 130.)
2.8 49.7 115.8 195.2 0.9
Control .
Open 2.8 39.4 131.0 166.4 86.6
CD 20, 4% N3 135.4 NS
Skm ¢ 7.5 40,2 50.7 77.%
WAP = Weeks after planting
e Critical difference
o 8ignificant st 1X level
= Not significant



Table 28. Effect of

regulators on dry metter content
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of shoots ) pex cutting under mist and open (latersl)

Trestment 3 WAP 6 WAP 9 WAP 12 WAP Mean
Sexadix-B

Mist 4.1 46.6 188.0 289,0 141.23

Open 3.8 31.7 161.)3 147,2 86.0
IAA 13500 ppm

Open 2.9 9.8 177.0 116.0 76.4
IAA 1000 ppm

Nist 3.8 35,8 131.4 122.9 86.7

Open 1.2 12.0 12%.7 123.8 65.6
IAA 300 ppm

Mist 9.% 105.3 165.9 107.6 97.08%

Open 1.1 22.1 142.9 121.9 72.0
IBA 1500 ppm

nist 3.2 130.4 143.7 207.4 121,.2

Open 0.9 14.9 140.6 111.1 66.9
IBA 1000 ppm

Mist 4.2 98,6 215.6 190.9 127.6

Cpen 2.8 11.4 136.1 211.1 90.4
IBA 500 ppm

Mist 4.9 173.1 151.2 140.9 117.%
IAM + IBA 13500 ppm

Mlst 13.0 111.2 125.7 129.8% 94.9

Open 3.8 13.6 262.4 195.1 120.2
IAL + 1IBA 1000 ppm

Mist 10.1 114.9 114.9 99.6 84.9

Om 102 15-’ 25‘0‘ 12602 ’Qn‘
IAA ¢+ IBA 500 ppm

Mist 3.7 64.9 119.0 100,89 72.0

Open 0.7 3.8 183.0 129.7 79.3
Control

Mist 6.1 50.6 67.5 114,.9 $9.7

Open 2.6 6.3 66,9 68.9 36,2

cD NS 117.7% ns 135.6*

Sim & 3.9 44,3 74.0 53.6

WAP

*é&
NS

Weeks after planting
Critical difference

Signifieant at 1N level
Not significent
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4.1.7 8hoot/xoot ratios

Teables 29 to 32 furnished with the dets on shoot/root
ratio of different types of planting materisls st triveekly
intervals revealed that in rumners, growing shoots and hanging
shoots the shoot/roct ratic wes higher after three weeks and
six wesks of planting under miast compared to cpen. Later on
during ninth week of observation ratio tended to increase under
open and beceme almost equal to that of under mist condition.
Finally after twelve weeks of planting higher ratio was observed

under open.

In laterals after six weeks of planting the shoot/root
ratioc was found to be high under mist but later on after ninth
and twelth weeks of observation the :hoot weight decreased
considerably and hence resulted in & low ratic. The reduction
in shoot weight under mist during later stages might be due
to the incressed leaf fall observed.

4.2 Anstomical studies
4.2.1 Anatomy of the stem

In order to understand the initiation and development
of roots in stem cuttings and ¢o identify the tissue origin
of the rocot primordis, the structure of the stem was studied
in detail. The details are presented below.



Table 29. Shoot/root ratio st triweekly intervals (rumners)

Treatments 3 VAP 6 WAP 9 WAP 12 WAP

Sexrsdin-8

Mist a.3 3.0 5.6 4.%

Open 0.8 1.7 3.7 6.7
IAA 1500 ppm

Mist 3.2 2.5 3.4 5.9

Open 4.0 4.1 3.1 3.9
IAA 1000 ppm

MNist 2.9 2.9 2.8 7.6

Open 2.7 4.1 2.7 6.3
IAA 3500 ppm

Mist 3.2 2.7 3.0 2.4

Open 2.9 a.8 3.0 6.3
IBDA 1300 ppm

Mist 1.3 2.0 3.9 2.9

Open 0.4 2.2 2.5 5.7
I8A 1000 ppm

Mist 1.6 1.7 4.9 3.0

@.ﬂ 1.1 0.. 4.3 500
IBA $S00 ppm

Mist S.1 2.3 4.6 2.0

m ’0! 5.3 3.’ "Q
IAA + IBA 1500 ppm

Mist 1.8 2.8 5.0 2.9

m 203 4.9 2.9 5.%
IAA + IBA 1000 ppm

Mist 3.6 3.3 4.4 3.0

OP‘n 3.3 3.9 3.8 6,2
IAA & IBA S00 ppm

Mist 2.8 3.4 4.9 2.2

0.4 2,9 3.2 3.8

Control

Mist 3.4 3.7 4.2 6.8

Open 1.9 2.1 5.7 11.8




Table 30. BShoot/root ratio st triweekly intervals
(growing shoot)

Txeatments 3 wWAP 6 VAP 9 WAP 12 wAP

Seradix-B

Hi.t 1.‘ ’.1 2.8 3‘3

Open 1.0 3.5 6.7 3.5
IAA 13500 prm

Mist 1.9 2.9 3.7 4.2

Open 3.8 2.% 6.3 6.3
IAA 1000 ppm

Hist 1.2 3.9 4.3 3.2

Open 4.3 4.8 4.% 5.8
IAA 300 ppm

nist 1.7 4.0 5.9 2.%

Open 1.7 3.2 3.1 6.6
IBA 1500 ppm

Rist 1.1 d.1 3.9 3.5

Open 2.6 2.9% 7.3 5.4
IBA 1000 ppm

Mist 1.3 1.6 4.6 4.0

Open 1.3 1.8 1.6 6.8
i8A 300 ppm

Mist 4.9 2.1 5.0 2.9

Open 2.1 2.8 4.8 7.0
IAA ¢ IDA 1500 ppm

Mist 2.6 2.7 3.7 5.4

Open 2.7 7.3 3.8 3.3
IAA + IBA 1000 ppm

Mist 1.7 5.6 4,8 2.2

OPQ 2.3 S.4 5.0 1.9
IAMA + IBA 300 ppm

Rist 2.3 6.1 6.7 1.8

Opcn 2.9 7.8 4.2 3.8
Control

Mist 3.4 3.2 3.1 3.8

Open 1.9 3.6 5.3 13.9
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Teble 31. 8hoot/root ratio at triweekly intarvals
(hanging shoots)

Trestmants 3 uap 6 AP 9 WAP 12 WAP

Seradix~B

Mist 1.9 2.8 4.7 3.9

Cpen 1.1 2.2 7.1 6.7
IAA 1300 ppm

Mist 2.0 1.7 3.0 2.7

Open 1.2 6.3 6.1 4.7
IAA 1000 ppm

Mist 1.9 1.3 3.7 3.3

Open 1.6 .0 5.9 8.7
IAA 500 pim

Mist 2.1 3.2 3.7 4.8

Open 1.1 1.4 7.8 5.8
I8+ 1500 ppm

st 1.3 1,9 3,2 4.5

Open 1.0 1,8 6.2 3.8
1B+ 1000 ppm

Mist 10‘ 1.9 %.1 3.4

Op.n e.7 1.7 8.2 3.4
IBA S$S00 ppm

Mist 3.2 3.6 3.% 2.9

Open 1.7 2.1 3.4 2.9
IBA + IBA 1500 ppm

Mist 3.7 1.6 4.0 5.9

Open 2.9 1,9 3.2 2.7
IBA + IBA 1000 ppm

Mist 3.4 4.9 7.6 4.8

Op’n O.4 1.9 3,3 2.%
IBA + IBA 500 ppm

Mist 2.2 4.7 4.9 3.7

Open 0.3 2.9 3.6 4.0
Control

Mist 2.0 3.1 3.7 10,2

Open 2.7 2.8 7.0 8.6




91

Table 32. Shoot/root rastio at triweekly intervals

(aterels)
Trestment 3 WP 6 WAP 9 WAP 12 WAP

Serzdix-B

Nist - 3.2 4.9 6.6

mu - 3.1 5.1 6.6
IAA 1300 ppm

Mist - 9.9 5.8 6.9

Opan - 1.4 4.5 3.5
IAA 1000 ppm

mt - ‘cg 3.5 303

Open - 3.3 4.6 4.1
IAA 500 ppm

Mist - 9.0 4.7 3.0

M - 1.7 7.1 3.3
IBA 1500 ppm

nist - 8.6 2.9 4.1

opﬂl - 1.1 C.O 2.6
IBA 1000 prm

""t - 5.‘ ‘.‘ 3.2

Open - 1.3 3.) 4.9
IBA 500 ppm

Mtt - 120’ ‘ol 306

Open - 1.6 10.9 3.7
IAA ¢+ IBA 1500 ppm

Mlt - ‘1.5 305 3.‘

Open - 2.4 6.5 s.8
IAA + IBA 1000 ppm

Mise - 10.0 3.4 2.8

Open - 3.1 8.6 4.3
IAA + IBA 300 ppm

M.t - 5.’ 3.5 2.8

- 1.0 6.5 4.5

Contrxol

Nist - 8.4 2.% 4.3

w - 1.' ‘o. ‘ol
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The ocuter most layer of a young stem with primary
growth was the epidermis. The epidermsl cells were tabuler
in shape and appesred slmost rectangular in a cross sectiocnal
view. Epidermal hairs were sparse, simple and uniseriote
and were usually seen devaloped from shallow depressions in
the layer (Plate XV.A). Below the epidermis were ten to fifteen
leyers of unevently thigck walled gells of collenchyms mixed
with patches of sclerenchyma. The imner pert of the ground
tissue was constituted by thia walled, isodiametric parenchyma
cells. An endodermis with less distinet casparisn thickenings

was usually present.

There vers two rings of vascular bundles present.
The outer ring (cortical) consisted of 35 to 46 bundies
separeted from the inner ring (medullary) by & continuocus
sinuous sone of sclerenchyma (Plate XV.B and C). This leyer
was of uneven thickness. Portions of the ring closer to the
pexriphery were S ¢t 6 gells thick, vhereas rest of the portions
were 6 to 8 gells thick. Medullary bundles were 28lso errenged
in a definite circle snd vary in aumdber from 9 ¢to 15, Xylem
vessels vere arranged in U-ghaped groups within the bundles.
Sclerenchyms patches were present on the outerside of the
bundles capping the phloem or sometimes forming & more or less

continuous layer.



Plate XV. Anatomy of the atem

A Cross secticnsl view of stem showing epidermal
. hairs. Note the hairs arising froms shallow
depressions in the epidermal layer (et sxrow) X 40.98x

B and C Cross sections of the stem showing twe rings of
vascular bundles. The outer ring (Corticsl)
separated from the inner ring (medullary) by @
continuous sinucus zone of selerenchyma leayer
(at arzow) X 12.70x

b Mucilege canal with wide lumen snd surrounding
epithelial gells X 80x

B Transverse section Of the stem with sscondarxy
thickening., Note lsrger and radially elongated
vésculaxy bundles. X 40.96x

4 Transverse section of the stem with secondary
growth to show the interfasciculsr parenchyms

appesring rectsagular and radially elongasted.
X $1.20x



Plate XV
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Muecilage cenals with wide lumina and surrounded by
distinet epithelial cells were seen present in the ground
tissue (Plate XV.D). There was one large central canal
sccompanied by $ to 10 peripheral ones seen outside the circle
0f medullary vascular bundles.

Starch was present in the form of minute granules in
the parenchyma cells of cortex and pith, however, the distri-

bution was uneven.

The epithelial cells surrounding mucilage canals
contained higher amount of starch as compared to reat of the
cells. 0Oil globules were numerous in the parenchyma tissue.
The corticel parenchyma normally contained larger globules.
Crystals have not been observed in the ground tissue.

4.2.2 BSecondary growth of the stem

In stems showing secondary thickening, the epidermis
was found to be replaced by a multilayered periderm formed
from a2 cork cambium which originated just below the epidermis.
Cork cells were suberized and were arranged compactly in radial
rows. Cup-sheped lenticels, which were the structurally
differentiated portions of the periderm were also present.

They were characterised by a relatively loose arrangement of
cells with more intercellular spaces.
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As a result of the asgtivity of a vascular cambium
the bundles in & mature stem sppeared larger and radislly
elongated in the crxoss section (Plate XV.E). The cembium was
not distinect in the interfescicular region, but it was distinet
in the faseicular region., Parenchyma celis in the inter-
fascicular region sppeared reetangular snd radislly elongated
(Plate XV.F).

4.2.3) Development of roots

In pepper stem cuttings, roots are prcduced usuaslly
from the nodal regions or less frequently from the callus.
flc preformed root primordia were observed in fresh cuttings
nor in planted stem cuttings that failed to root. Materials
collected 5 and 10 days after planting the cuttings showed
roots or root primordia st various steges of development.
The degree of development of the primordis in cuttings differed
not only between different treatmants but also between different
types of planting materials and individual cuttings. In genersal,
three steps have been recognised in the devazliopment of roots
from cuttings, they are

1) dedifferentiation and rapid division of few
parenchymetous cells to produce root initials:;

ii) é¢stablishment of 8 recognisable roct primordium

with & meristematic root spex from these cellsy and



411) development of vascular comnection snd emergence
of root primoridum by rupturing the cortical
tiassue of the stem.

4.2.3.1 Cell divisions

A small group of interfsscicular perenchyma lying
between the cortical bundles were divided resulting in smaller
cells. These cells were distriduted almost at the same level
a8 the cambium and phloem tissuess of the sdjecent corticsl
bundles (Plate XVI. A and B). Sometimes two or mOre groups
of such root initials ocould aleo be found between Aifferent
pairs of vascular bundles in 8 single transverse section and
spposite to each group, the simuous ring of sclerenchyma was
discontinuocus (Plate XVI. C snd D). Anticlinel and periclinal
divisions were observed in the initials as & result of which
the groups of initials became essily distinguishable from rest
of the corticel cells. The initials 4iffered in thoit
steinability also. In cuttings vhich failed to prcduce roots,
no cell division was noticed.

4.2.3.2 Estsblishment of & root primordium

Further divisions, both anticlinzl and periclinal
resultad in a dome~shaped mase of meristematic cells
(Plate XVI, E and F). The sise of these cells was considersbly
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Plate XVI. Development of roots

A and B

c. D

Cross sections of the stem showing the
interfascicular region of cortical bundles.
Note the isodimmetriec (Fig.A) or radially
£flattened (Fig.B) cells resulting from active
cell divisions at exrrows X 80x

Cxoss sections of the stem showing the
discontinuity in the sinuous layer of
sclexenchyme. Note that the thickness of the
layer is reduced (Fig.C) snd a gap is developed
(F1g.D) below the differentiating primoridum

X 51.20x

Dome shaped mass Of meristematic cells
resulting from anticlinal snd periclinal
divisioms. X 20.16x

Enlarged dome sheped primordium. X 20.16x



Plate XVI



Plate XVII, Development of roots

A

A developing primordium showing the outer
most layer consisting of densely stained
columnar cells (at arrow). X 20.16x.

The root tissue showing a distinect primordiasl
epidermis (at srrow) even after the emergence
of the root. X 51.20x.

Root primordium, before its emergence with
distinct and well developed root cap consisting
of many layers of cells (at errow). X 20.16x

Developing root primordium showing differentiation
of vascular tissue. Note that a connection is
established with adjacent vescular bundles

X 20.16x.

A developing primordium before its emergence.
Note a layer of aun“zmsm substances along
with mo disorgani cells on its outer side
X S1. o

An emerged root show &t its base the ruptured
cortical tissue and & layer of periderm covering
the point of emergence (at arrow). X $1.20x.



Plate XViI
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reduced and the arrangement was more definite as compared
to the surrounding corticel psrenchyms ¢ells. The dome shaped
primordium enlarged furtsher without estsblishing connection
with the surrounding parenchyma Cells. At this stage the
ocutermost layer of the primordium wes usually distinct at the
flenks of the meristematic dome and it consisted of densely
steined columnar cells (Plate XVII.A), This primordium
epidermis continued to delimit the root tissue from stem cortex
even efter the smergence of a young roct (Plate XV1I,.B).
The inner cells of the root parmordium were thin welled with
dense cytoplasmic contents and were arranged in less definite
layers. The root primordium, before its emergence, 8lso
shoved 2 distinct and well developed root c¢cap consisting of
many layers of cells. The oells of the rocot cep showed poor
stainability and were definitely srranged (Plate XVI1.C).
4.2.3.3 Development of vascular connection &nd emergence
of root

Accompanying the growth of the primordium, differen-
tiation of meristemic cells Degan at the proximel end.
T™he nearly isodismetric cells of the meristam were found to
slongate radially (with reference tc the stem axis).
Differentiation of vascular tissues was also observed at the
base of the primordium, at first comnecting the provascular

tissues to the xylem and phloem of the corticsl bundles amd
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proceeding further scropetally (Plate XVII.D). The elongation
of the primordium was ususlly in the radial direction.
However, in some samples it ocurved tangentislly before
energing out from the stem especislly when vascular traces
were situated against its path. It was observed that the
growth of the primordium resulted crushing down of some
parenchymea cells especially those contiguous to the meristem.
A layexr of darkly stained substances along with some disorgasnised
cells was found lining the primordium on its outer side
(Plate XVII.E). The ocuter cortex was found ruptured at the
peint of emergence of root and the exposed cells found
suberised., In some samples a distinct periderm was found
covering the stem aground the point of root emergence (Plate
Xvii.ry).

4.2.4 Anatomy of root
4.2.4.1 Young root

A young root revealed the following anatomicel
features. The cutermost lsyer of the rocot was the epidermis.
It was constituted by closely packed cells with rather thin
but suberised walls. Finger like, unieellular roct hairs
were arising from some epidermal cells. Below the epidermis
8 o 10 layers of the parenchyma arranged in less distinct
redial rows constituted the root cortex (Plate XVIII.A).



Plate XVIIiI.

Anatomy of rxoot

Cross section of a young root showing seven
vascular strands. Note also a developing
laterxal root. X 20.16x

Enlarged view of root section. The xylem
eslemants forming discrete strands slternating
with equal number c¢f phloem groups X 51,20x

Cross sectional view of mature root showing
well developed xylem tissue and pith. Phloem
arcs can also be seenn. X 20,.16x

Portion of secondary vesculsr tissue separated
by broad strips of parenchyma cells. MNote é&n
arc of phloem (at axrrow) and Cambium is
indistinct. X $51.20x.



Plate XVIIX
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Cells of the cortex varied in their size and shape. In
general smzller cells were seen towards the periphery and

laxger ones towards the inner cortex., A distinet endodermis
was sesn characterised by cells with caspariean thickenings
on their anticlinal walls. Below the endodermis was the
pericycle usually a single layer in thickness.

The inner part of the roct was occuped by the
vascular tissue and the esssociated parenchyma. The xylem
eclements formed Aiscrets strands alternating with equsl
nurber of phloem groups and vere arranged in s circle
immediately below the pericycle. Bach xylem group was con-
stituted by larger redially arranged cells and was exarch.
The phloem groups were constituted by smeller cells.

The number of xylem strands ranged from three to six. However,
in some thicker roots as many &8s ssven vascular strands wvere
observed (Plate XVIII.B). A distinet pith consisting of
parenchyms was usually present in young roots. However,
mucilage cansls were not found,

4e2.4.2 Mature root

A mature root shoved a well developed stele with
a diseontinuous e¢ylinder of xylem surrounding a smell pith
(Plate XVI1I.C). The secondary xylem occupied major part
of the stele and vas conposed of vessels and fibres. In



contrest to the young roots, phloem occurred as narrow
axce on the outer side of the wedge-shaped xylem patches
(Plave XVIII.D). The gambial lsyers were howsver not
readily recognisable. The patches of secondary xylem wvere
ssperated by brosd strips of rasdially elongsted cells as
observed in & mature stem. The endodermis was found intact
even at this stage. The cortical cells of 8 mature roct
appeared in & transverse secticn to be tangentially more
stretched as compared to a young root. Tne ocuter most few
layers of cortex differed in their stainadility from rest
of the cortical cells.

33
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DISCUSSION

Black pepper, one of the most important cash crops
of Keralz, is propagated commercially by vegetztive means.
For increassing the production of pepper in the country large
scele replanting of the senile and poor ylelding vines and
alsc extensive new plantings with high yielding types are
required. Type of planting materiels &nd time of toking
cuttings are some of the important factors to be considered
while propegating pepper (Nambiar and Kurxian, 1963;
Shathemallish gt a)., 1974; and Membiasr gt al., 1978).
Traditionally in Kerala the runner shoots proiuced from the
base of the plants are being ussd comnercially as planting
materials, though often othsr stem porticns such as growing
shoots (orthotrophs), hanging shoots (geotrophs) and laterals
(plagectrophs) are alsc used. By these mesns the availability
of planting materials can also be incressed (Pillai, 1977;
Bavappa and Gurushinghe, 19787 Nembiar gt 3l., 1978; end
Chandy end Pillsi, 1979). Application of various growth
regulators at proper coneentration have been found to increase
the rocting percentage in pep;er (Cooper, 1955 Leite and
Inforsato, 1966 Hurov, 1967; Choudhury end ;hldnia. 1971;
Package of Practice, KAU, 198%; Irulappsn gt al., 1981;
Pillai gt 3l., 1982 and Hedge, 1983).
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S.1 Kffect of growth regulators on rooting of cuttings

The process of oot generation in cuttings in &
wide renge of difficult to root plant spacies could be
agcelersted with the usse of root promoting substances &t
proper concentrations. The results of the present study
clearly indicated that in all the four types of planting
materials the growth reguletors significantly incressed the
rooting. Among the growth regulators tried viz., Seradix-B,
IBA, 1AA eand IAA + IBA combination, IBA at 1000 ppm resulted
in maximum suocess. The results of the present study thus
confirms the esrlier findings of Pepper Reseagrch Station,
Panniyur (1981) and Pillai gt al. (1982), The effectiveness
of suxin in general and IBA in particular for induction of
rooting of cuttings have been well smplified by several
workers in many spice crops and a veriety of other horticul-
tural crops (Hich_olas and Pryde, 319%8; Hurov, 1967; and
Sympson and Chin, 1960).

The rooting efficiency of growth regulators iz-
generally assessed by the number of roots produced by the
cutting, length and weight of roocts, since tnese parameters
ultimately decide the final percentage of esteblishment of
rooted cuttings in the mein field (Hartman and Kester, 1972).

In the present study also there vas 8 clear indication of the
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beneficial effect of IBA 1000 ppm on all the above root
growth parameters.

4

Pillai et 21 (1982) also stressed the positive
effect of IBA 1000 ppm on the rooting of ~uttings in pepper.
In the treated cuttings number, length and weight of the
roots had increased by more than 100 per cent compared to the
, untreated cutfinga end hence the trested cuttings developed
a good roct system which finally resulted in their quick growth
and estéblishment in the meinfield. The externsl application
of growth regulators would have perhaps increased the
meristematic activity and root differeutiation (Fontikis et a}..
1979). Moreover, the production of more number of roots in
auxin treated cuttings is often attributed to the mebilisation
of more rescrve food materials from the terminzl to the basel

portion of the cutting (Strydem and Hartman, 1960).

In most of th;\plant species sprouting of shoot is
sn indication of root initiation in cuttings (Hertman and
Kester, 1972) Aishabi (1981) elso found that cuttings that
produged shoots esrlier failed o root on several oeccasions.
However, in pepper from the present study it is observed that
the initial sprouts of shoots is not a ¢lear indication of

root strike.

In the initial stages fresh weight of shoot was observed
to be maximmst Ain cuttings treated with IAA + IBA 1500 and 1000 ppm

.
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and control however, later on fresh weight was found to be
more in cuttings treated with IBA 1000 ppm and 3orsdix-B.

The initial set back in shoot growth in IBA treatment might
be due to the more utilisation of carbohydrate for root produ-
ctica and resultant exhaustion of stored carbohydrate in the
pliut&ng material for shoot growth, Further the dominange of
the axillary buds would have been inhibited by the applied
suxins at the base of the cuttings. After the rocts have
established, they might have started absorbing nutrients from
the soil and this agcounted for the recoupment of shoot growth
rste later in these treatments (Pillal ;; al., 1982).

5.2 Effect of mist on rooting of cuttings

The poocled snalysis of the dats indicated the
beneficial effect of mist on rooting of cuttings in all the
four types of planting materials. The significant effect of
mist on rooting of pepper cuttings was also reported by
eerlier workers (Creech, 1933 Hughes, 1966 and Kamp, 1969).
in all the types of planting materials the superiority of
mist was also clesrly apparent with respect to other root
growth perameter viz., numbex, length, fresh weight and dry
matter production of roots. The beneficisl effect of mist
could be attributed to the presence of high humidity which
prevents descicstion and keeps the cuttings oool thus reducing
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trenspiration and respiretion retes. This results in a
condition most idesl for rooting and sprouting (Bose gt sl.,
1972 8ingh, 1976 and 1980 and 8ingh and Motilal, 1981).

Mist had a depressing effect on the shoot/root ratio
in the final stage. It was clear from the results that after
twelve weeks of plenting higher ratio values were observed
under open condition. 7This :odncsioa in shoot weight under
mist during later stages might be &uo to the increased leaf
fall observed. \ .

NMist helps significantly root initiation and
development in all the four types planting meterials. However
onee rooting has taken place, further retension of the cuttings
in the mist chember does not appesr to be condusive for

pepper since the incidence of disesses were more.

5.3 Rooting of cuttings in different types cf planting

meteriale

The present study was carried out using four

different types of planting materials viz., runners, growing
shoots (orthotrophs), hanging shoots (geotrophs) and laterals
(plegeotrophs). From the results of the present study it
could thus bes seen that there was not much difference among
the planting materials with regerd to their rooting ability,



though laterals weres found to be shy rootexs in the
initial steges, they could also be used as planting
materials as they produge dwarf bushy plants.

As far as rooting suecess was concerned there was
not much difference between the cuttings from growing shocts,
henging shoots end runners (Bavappa end Gurusinghe, 1978))
Pillai, 1977; Nembiar g% 8)., 1978 and Chandy =nd Pillai, 1979).
The suitebility of semiherbacecus cuttings is due to their
active metabolic state and also a favourable CiM ratio as
has been reported by Hartmen ond Kester (1972). All the
planting materials except laterals rooted readily during
March. Maxionm sprouting asnd rooting observed vhen planting
was done from March to June and pooxr rooting during winter
ssason from November to Februsry could be explained due ¢o
bud dormancy. The break of dormency in March might be due
to the mobilisstion of starch becsuse of enhanced auxin
content (Shathamallish gt al., 1974). The failure of latersls
to root during March might be due to the lack of food
reserves in the cuttings as they wvere teken imrediately
after harvest. During the flushing sesscn i.e, during June
the lateral cuttings also rooted satisfaectorily.

It is interesting to note in the present study
that three veeks after planting the effect ¢f growth regulators

on rooting percentage and other root growth parameters was
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significant in runners enly and in growing shoots and
hanging shoots the effect was not found to be significant.

At this stege laterals revealed very poor rooting under

mist as well as open condition. Early rooting is & very
desixable attribute as it will substantially reduce casuality
Of the rooted cuttings in the nursery and an early initiasted
and well developed root system ensures their guick esteblish-
ment in the trensplanted main field (Piliai et 2l1., 19:2).
Use of pre rooted cuttings of runners was fcund to be the
best planting materials with’itglxd to rooting and esteblishment
(Nembiar gt 8l., 1978; Chandy and Pillei, 1979 and Packege
cof Prectice, KAU, 1986). ‘

In the cess of-runné;ﬁ. growing shoots snd hanging
shoots rocting was completed by the end of six weeks cf
plenting where as in laterals rooting was generslly delayed
end it has gone uptc nine wesks for compieticn,

In all the plenting materials the initisl rooting
recorded & higher percentage, while ultimately the percentage
of establishment showed & reduction. This would irdicate
that in pepper there are factors which interfere in the growth
of roots after the initial root strike. Lack of sroduction
of sufficient number cf roots or the improper development
of roots and vigrous vegetative growth could be the reason
attzibuted to this phencmenon. Mcreover, pepprer rocts in the
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initisl stages are prone to fungsl pathogens like
Ehtophthore, Pyghive sand Rhigogtonia resulting poor
establishment. Identifying the exact factors for the
reduction in the establisiment of rooted cuttings will be
helpful to obtain wmaximum suecess in rooting of cutting.

8.4 Aneatomy in relation to rooting
$5.4.1 Anatomy of the stem

The stem anatomy of pepper shows the charecters
of both monocots and dicots. The vascular bundles are
scattered in the ground tissue in many members of Piperacease
as in wonocots (Metcalfae &nd Chalk, 1950). 1In Piper pigrum
the arrangement is nore definite as the bundies are arranged
in two diieinet leayers an outer ring of cortical bundles
and an inner ring of medullary bundles. Even in monocots,
Zimmermen and Tomlinson (1972) reeognised the existence
of an ‘inner' and ‘outer' vasgulax systems based on the
three dimensicnai course of the vescular bundles. But
unlike monocots the veseular bundles are open in pepper as &
distinct cambium is present im both corticel and medullary
bundles. Thus the stem strxucture in pep;er is anemslous
among the dicots and bears some resemblance to that of

monocots (Metcalfe a2nd Chalk, 19%0).
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Endodermis is developed to verying degrees in
different species of Piper. Aecording to Bond (1931) the
endodermis in the serial stem of Piper is developed azlways
in association with the outer ring of vasculaxr bundles.
In some species the endodermis forms s continucus cylinderxr
sxound the bundles, in others it is replaced by a layer of
relatively lazrge cells with no casparian thickenings; in a
thizd group of species it is present but inconsistantly
distributed. In the présent study it 1s noticed that the
endodermis with inconspicugus cesparian thickenings is present
on the outer side of the coxticel bundles in Piper pigrum.
The cell siszse is almost similaxr to othsr corticel cells.
Bond (1931) believes that the endodermis is & vestigial
structure of no primery importance in the internsl economy
of the stam. Me observed that endodermis vas continucus over
the rays and ocuter vascular bundles in the stem of Piper pigrum,
Similar chservations were also made by Garner and Beekbane(1968).

During the secondary growth in woody perennials the
cambium becomes & cuntinuous cylinder and the secondary
vascular tissues sre ;roduced all aslong the circumference. In
some herbsceocus plants and dicotyledonous vines & modified
form of secondery thickening takes place. HMHere the cambium
does not extend laterzlly beyond the limits of primaery xylem

and phloem of thz bundle or the formation of vascular tissues



109

is restricted to the faseiculsr region. In the interfas-
cicular region either some parenchyme tissue or no tissue

is formed (Eseu, 1968). Ia the present study it is found

that the secondary growth im pepper is typicsl to that of
dicotyledonous vines. The vascular bundles remein discrete
even after the secondary thickening as observed by Garner

and Beakbene (1968). Secondary growth of this type is
sometimes treated as normsl and someties as anomalous. According
to Essu (1965) a cleer delimitation of anomeslous growth is
difficult and depends on how narrowly the normal type is

circumscribed.
5.4.2 Development of roots

In general the formation of sdventitious rocts takes
plsce after the cuttings are planted. Ho-ever, in some plents
preformed root initisls ore reported to be present in the
intsct stem ev:n before the cuttings are made (Carlson, 1938
and 19%0) Hartman and Kester, 1972). These pre-formed
initials generally lie dormant until the stems are made into
cuttings and planted under favourasble environmental conditions
for rooting (Carpenter, 1961). It is also known that the
species having pre~formed initials root easily ss eompared
to the rest (Eames and Mac Daniels, 1947 and Fashn, 1974). In
peprer no pre~formed initials have been observed. The

dediffcrentiation of interfascicular perenchyms into root
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initials snd esteblsihment eof & root primordium are the
developments subsequent to planting, as in majority of

other species. Thus the feilure of stem cuttings to root is
tracesble to the lack of initiating cell divisions and not

due to any anatomical barrier as reported to be present in

some other specles (Ciampi and Gellini, 1938 and Beakbane, 1941).

The origin of roots in stem cuttings is from groups
of meristematic cells namely root initials which are localized
usually just outside and between the vasculer bundles in many
herbacecus plants (Priestley and Swingle, 1929). Root initisls
cen arise from a laysr of parenchymatous cells inside the
fibre sheath as in carnaticn (Stangler, 1949) or from the
perenchymatous cells of the phloem as in Cugurbits pepo,
Nerjum oliasnder, Lycopersigon ssqulentum end Hedere helix
(Petri g% al., 1960 and Girouard, 1967). Root primordi» are
elso reported to ori;inste from various other tissues like
non differentiated phloeam and cambium between the vasculer
bundles, interfascicular cambium end pericyecle, parenchymatous
interrupticns in the secondary xylem formed by leef geps or
even from the epidermal, corticzl or pith tissues (Fahn, 1974).
It iz observed that in pepper the root primordiz originete
from interfascicular parenchyma between the cortical vascular
bundles. No primondias ere found origineting from the vicinity
of the medullary bundles. According to Essu (1963) the
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sdventitious primordium develops from cells near the
periphery of the vasculer systam in younger org«ns and from

inner tissues in mature ones.

One peculisr feature of the pepper stem is the
presence of & continuous sinuous ring of sclerenchyma found
on the innerside of the cortical bundles. It is interesting
to note that prior to the formation of rxoot initiels a gap
develops in the ring against each group of initials, so that
the pith of the developing root and that of the stem ere
interconnected. 7The significance of this ht:tological change
duriné the development of roots is not fully understood.
However, it is presumed that a continuity between the ground
tissues of the stem and root may be of some importence in
the transfer and storage of metabolites as starch and lipids
are comvonly found stored in the perenchyma tissue in pepper.
The gap in the sclerenchymatous ring probably develops by
the transformation of some of the thick walled cells.
Thinning of the cell walls and loss of lignin stainability
have been observed during the lateral root development in a
few species although opinions differ with regard to the
possibility of delignification (Me Cully, 197S).

Karas and Mc Cully (1973) observed that in corn the
cells of the primordium epidexmis are distinctive, being
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columnar and are densely cytoplasmic. These cel.s have

been found to secrete 8 PAS-positive mucilage lining the

outer side of the smerging primordium (Me Cully, 1975)., In
pep.er also primordium epidermis shows similer characters.

A leyer of densely stained materisl is slso evident surrounding
the growing primordium. During the easrly development in corn
the apldermal cells cf the primordium divide only snticlinally,
later on divide perclinally and this produces root csp
initials (Bell and Me Cully, 1970). The deughter cells of
these divisions show pocr stainability and before the latersl
root smerges out it has a8 fully deweloped root czp. The roct
cap in pepper is spparently a product of periclinal divisions
as evident from the arrangement of cells in radiasting rows.

The cells are pocrly stained as in corn.

The growth of the developing root tirough the stem
cortex of peprer is in the radial direction and is brought
sbout by cell divisicns at the apex and slongation and
matureticn of cells st the proximal end. Occasicnally the
primordium curves tangentially btefore emergonce especiaslly
whel SOme vascular t:aces passes acxoss its path. It has
been observed in certein species thet the adventitious roots
originating in older stems gruw obliguely through outer
tissues probably becsuse of the resistance cff-red by
sclerenchyms outside it (Tomlinson, 1961 and Esau, 1968).
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With the maturasticn of proximal cells the
primordium receives the vescular supply from the contigucus
bundles. Usueally the parenchyms cells at the proximal end
of the primordium differentiste into vascular elements so
as to provide the connecticn (Esau, 196S8). The Aifferentiastion
of pro vaescular tissues of the primordium in pepper is
acropetel compsred to other specles. 7%The penetration of the
young roots through stem cortex involves breekdown of a few
cortical cells. Different views exist -ith regerd tc the
passage c¢f & growing root through the cortex. The involvement
of hydrolytic enzymes which dissclve scme ©f the corticel cells
had been speculated by esrly workers. More rscent works
(Bonret, 19697 Bell snd Me Cully, 1970; Karas end Me Cully,
1973) also augyeat that hydrolytic enzymes are involved in
the penetraticn of the root and the role of mechaniceal
pressure may be negligible (Me Cully, 1975). Although in the
present study evaluation of the role of enzymes and mechenicsl
factors was not possible, evidences suggest that the importence
of mechanical pressure ca:nnot be totslly ruled cut. The finel
phase of the emergence of young roots in pepper involves
rupture of & few corticel layexs end epidermis. The exposed

cells are subseguently suberised or covered by = periderm.

$.4.3 Anatomy of the root
In most of the dicotyledons the cortex of the root

mainly consists of parenchyma cells. These cclls ere sometimes
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arranged in radisl rows particularly in the inner layers

(Fahn, 1974). In pepper, the cortical cells are arranged

in less distinct radisl rows. The radisl errengement is the
result of cell Aivision during the process of formation of
cortex (Heimsch, 1960). Repeated anticlinsl divisions results
in the increassed tangential dimension of cortex while
periclinal divisicns add to the number of cell layers in radieal
direction (Fshn, 1974).

In the root vesculsr systam the phloem occurs in
the form of strands distributed near the periphery of vascular
cylinder beneath the pericycle. The xylem either forms
discrete strands, alternating with the phloex strands or
occupies the centre snd then as in many plents, xylem zppears
staxr shaped in cross section (Eseu, 1965 and Fahn, 1974).
in pepper, the xylem elements form discrete str:nds alternating
with egqual numbaer of phleem groups and are arranged in a
circle immediately below the pericycle. Thus & distinct pith
is present surrounded by the ring of vasculer strands. The
number of vascular bundles appears to be verieble in pepper.
Trierch to hexarch arrangement is more common in thicker
roots &nd in some ceses even Uptc seven vascular strands have
been noticed. Aecording tc Fahn (1974) the number of protoxylem
groups in & root and even the presence or abgence of & pith

sre dependent upon the dismeter of the vascular cylinder.
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Variastion in nunber of vascular strands in the roct within
a species and even withia the same plant have been reported
by Fahn (1974) in monccots and dicots.

As reported serlier (Metcalf end Chalk, 1950), no
mucilage canals have beemn observed in the root of pepper.
The mature root usually shows well developed xylem plates
surrcunding & smzall pith. As observed by Datta and Dasgupta
(1977) the numbzxr of trecheary plate varies from five to

six in mature roots of Piper pigrum.

. The success of rooting in the different types of
cuttings in genersl was thus found to be influenced by the

anatomical features.
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The present investigations on the effect of growth
regulators on rooting of dAifferent types of planting
materials and the anastomical studies on initistion and
development of roots in black pepper vere carried out in the
Centre for Advanced Studies on Humid Tropical Crops, College
of Horticulture, Vellanikkara. 7The salient results of the

studies are susmarised below.

1. In all the planting msterials viz., runners (stolons),
growing shoots (oexthotrophs), hanging shoots (geotrophs) and
{aterals (plagesrophs) rooting was significently influenced
by growth regulator trestments compared to control. Among
all the treatments, IBA 1000 ppm reeorded maximum rooting
followbd by Serasdix-B, IAA 1500 ppm and IBA 1500 ppm. With
regard to other root growth parameters viz., number, length,
fresh weight and dry meatter production IBA 1000 ppm was found
to be superior.

2. The fresh weight and dry weight of shoots were
maximum in combination treatments, such as IAA + IBA 1000 ppm
and 1300 ppm during the early stages. However, in the later
stages of observation IBA 1000 ppm was found to be good with

regerd to these parameters.
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3. Izzespective of the growth regulator treatments,
mist had pronounced effect on rooting and on otherxr root
growth parameters in all the types of planting materials.
However, mist hed depressing effect on shoot weight and
shoot/root retio especially during ninth week after planting.

4. Thers vwas not much difference smong the planting
meterials with respect to their rooting ability though the
laserals were found to be shy xooters in the initisl stages.
After three weeks of plenting the effect of growth regulators
on rooting was significant in rumners only and in lateresls no
rooting was chsexrved at this stage. In the case cf runners,
growing shoots and hanging shoots naximum rooting was observed
after six weeks of plenting while laterzls produced maximum
rooting after nine weeks of planting.

$. In runners, growing shoots and hanging shoots
rooting was satisfactory when cuttings were planted during
March vhereas in laterals, there was very little rooting
during this period., Laterals recorded maximum rooting when
cuttings were planted in June.

6. The anatomical studies of the stam of black pepper
showed the cheracters of both monocots and dicots.
The ocutermost layer in young stem was the epidermis with



118

sparse epidermal hairs followed by fifteen layers of
collenchyma nixed with sclerenchyms and imner ground paren-
chymatous tissue. An endodermis with less distinct casparian
thickening was present. There were two rings of vascular
bundles. Mucilage cinsls with wide lumina were also seen

o be present.

In stems showing secondary thickening, the epidermis
was found to be replaced by multilayered periderm. Vasculasr
bundles appeared larger and radielly elongated and thus
parenchyms cells in the interfascicular region also appeared
rectangular and radially elongated. The planting materials
vere not differing im their stem structure.

7. In pepper stem cuttings roots were produced ususlly
from the nodal regions or less fregquently from the c¢allus.
No preformed root primordis have been observed. The roots 2%
initiating from a small group of interfascicular parenchyma
lying between the corticsl bundles. Anticlinal and perielinal
divisions of these tissues resulted in a Jdome-ghaped mass
of meristematic cells which developed into a root primordium,
Agoompanying the growth of the primordium differentiation of
vasculsr tissues alsc taks plece and finally resulted in the

rupture of outsr cortex and the root emergsance.



8. Outer most layer of young root was the epidermis
below which eight ¢ team layers of parenchyms constitute the
root cortex. A distinct endodermis was seen characterised
by cells with casparian thickenings on their anticlinsl walls.
Vasgular tissus constituted by equal number of xylem and
phloem groups arranged in a e¢ircle alternating with each other

was seen t0 be present.

A mature root showved a well developed stele with a
discontinucus cylinder of xylem surrounding a smasll pith.
Phloem oecurred as narrow ares on the ocuterside of the wedge
shaped xylem patches. The cambial layers however was not
e8sily recognisable.



}ééfé‘(éﬂC’é'.’)




Abrsham, P. 1959. cultivation in Indis.
igg Pirectoreate of Extension. Hin Fa
dnd iec. Delhi. pp.31-42

Afshabi, K.A, 1985 Standardisation of macro eand micro
propagation techniques in Bougainvillea.
Thesis submitted to Xerale Agricultursl University,
Vellanikkarz for the awsrd of M.Sc. degree in
Horticulture.

tAlmirante, B.A, 1985. Selection and propagation of black
pepper. Philippine J. Agric. 38+ 619-25

*Anon, 1938. Privats correspondence cf the Curator-neyal Botaade
plantati ggﬂgglgg‘ Tech. gggé ,;gl -

*Anon, 1961. Los Banes agronomists produce bushy black pepper.
Coffee Cocoa J. $(2)s 48

Audus, L.J. 1959. Auxins es inhibitors of new orgens In:

Plant Growth « Leonard Hill Books Ltd.,
Street, Jersey, pp.46-86

Basu, R.,N., Mandel, K. &nd Punjebi, B. 1985. Physiology of
sdventitious root formation on cuttings. In: T.K.Bosu,
S.K.,Mitra and H.K.Smu (‘do) E;ggg&!“ion 2!
iczl and al grops. Raye PraKash,
Calcutte pp.87-110

Bavappa, K.V.A. and Gurusingh=, P.A. 1978, Rapid multiplication
of black ?apwor for ccmmercial plenting. J.Plant,
Crops.6(2): 92-9%



Bavepps, K.V.A. and Gurusinghe, P.A, 1981. A new technique
t:x the rapid :ﬂluplunuon of pepper
plenting material. S9cos Arecenut
Spiges J. !(lh $3-8 '

Beakbane, A.,B. 1941. Anatomicel studies of stems antl roots
of hard fruit trees. III. The anatomical
structure of some clonal and seedling spple
rootstocks, stem and root grafted with a scion

variety. J. Pomol. hopt. 3¢l 18t 334-67

*Bell. J.K. and Mc Cully, M.E. 1970. A histoclogical study of
lateral root initiastion and development in

Zes meys. Proteplesms. 10 179-208

Berlyn, G.P. and Miksche,J.P. 1976. Botanical Microtechnique
and emistry. Iowa Bitate Univ. Press,
Iowa, pPp.

*Bond, G. 1931. 7The stem eadodermis in the genus Piper.
Zrens. Roy. Sog. Edind. ¢+ 695-724

*Bonnet; H.J. Jr. 1969. Corticel cell death during latersl
root formation.g. Cell Biol.4Q0: 144-39

Bese, T.K.; Basu, 8.:nd Basu, R.N. 1972, Changes in rooting
factors during the regenerasticn of roots on
cuttings of easy and difficult to root cultivars

of Bougainvilles and Hibi . Indien J. BPlang
thaiol?n (1/2)s 127-39 aous 2

*Cardaso, 1960. The rooting of black pepper cuttings.
Bragentia. 203 24-26

*Cordaso, M.; Bantos, R.R.; Dos and Igue, T. 1981. Pepper
productivity in relation to cutting type:

8. Pagf. Bull. 40(6)s 221-92¢



A4

Carlson, M.C. 1938. The formeation of nodel adventiticus
roots in Salix gordegs. Am. J.Bot. g3+ 721-2%

Carleson, H.C. 1950. Nodel adventitious roots in Willow stems
of different ages. Am. J. B30%. 27 555-68

Cazpenter, J.B. 1961, Cgcurrence &nd inheritange of preformed
root primordis in stems of citronm (

medics k.) Proc. Amer. Soc. Moxy. S¢i. 77t 211-18

Centrel Plan:teticn Crops Research Institute, 1976. Pasckage of

Practices for pepper. Pamphlet Eo,7, CPCRI,
Kaseregod.pp.10

Chendy, K.C. and Pillai, V.S, 1979. Punctiinsl differentiation

in the shoot system cf pepper vine. Ipdian Spices.
X1 (3): 8-11

Choudnhuxy, K.G, and Phadnis, N.A, 1971, Vegetative propegation
of peprer with the use of plant growth regulators.
Poons Agriculture College Masgasine. ﬂ(l/i’)s 37-44

*Clampi, C. and Gellini, R, 1958. Anatomicel study on the
relaticnship between structure and rocting eepacity
in Olive cutting=. Bot. 1gal. §3s 417-24

Cooper, 8.T7.G.C. 1955. Propegetion of black pepyer (Piper
aigrum L.) Trop. Agric. Tgini. 32s 207-9

Creech, J.L. 1955, Propagation of black pepper. igon. Bot.
gm: 233-42

Cutlexr, D.F, 1978, plied Plant Anatomy. Longman group
L&mitqd%n. PP.

Datta, P.C, snd Dasgupts, A. 1977, Root esnatcmy and distribution
of comson piper and Peperomia spicies. Geobios 3314—3-46
143-46



iv

Dolar, $.G.1960. Preliminaxy trisls in marcotting black
pepper. Philippine J. Agrie. 2: 4983-93

Eames, A,J. and Mac Daniels, L.H. 1947,

um*_%gm. Mg Graw - Hill Book. Co.
Hew York. pp.277-317

Essu, K, 1965. Plant Anatomy, Wiley Eastern Private Limited.
New Delhi.pp.131-530

Fahn, A, 1974. P [ . Pargemon Press, Toronto.
Pre101-1

*Garayar,H., and Corbera, V.J. 1937. Propsgation of papper.
Bot. Irim.Bxps. Agxo. §(2)s 2s-20

*Gerner, R.J. 1944. Propagstion by cuttings and leyers.
Recent vork and its espplicetion with special
reference to pome and stone fruits.

Tegh. Commun. Imp. Bur. Hort. Plant. Crope.jgs 40

Garner, R,J. and Beskbane, B. 1968, A note on grafting and
anatomy of black pepper. Expt. Agrig. 4: 187-92

Garner, R.J., Chaudhuri, S.A, and the staff of the commenwealth
bureau of horticulture and plantation erops (R4)

1976. ITne Fropsgatiop of Iyspicel Fruis
Commenvesl th Bureau nfgiqr culture, East Malling,
Kent.pp.69-81

*Gillot, J. and Van Dingenen, A, 1960. Observations on the
vegetative multiplication of black pepper.

Bull. Inf. IR 5.A.C. 9 (11)s 115-28

Girouard, K M, 1967. Initistion &nd development of esdventitious

roots in stem cuttings of igal.! ¢ anatomicel
studies of juvenile growth phase. « 3. Bot.
45 1187-89



Grace, N.H. 1939, Physiological sctivity of & series of
Naphthyl and Indolyl acetic scids: Can. J. Res.

Segtion C. JJ+ 247-58 and 373-75

Hartmann, H.T. and Kester, D.E. 1972. 2nd Edn. Plant prepsgeticon:
Principles snd Practices. Prentica-Hall of Indie
Private l-mtod.. New Delhi. pp. 211-57 and 222-84

*Hasen, 1. and Iljas, B. 1960. Some notes on the flower biology
of black pepper. Pgmb. Bal2i begsr Penii Perte
48% 14-18

Hedge, G.3, 1983. Effect cf number of nodds on cuttings and
growth regulators on rooting of Panniyur-lI
peper (g# nigrum L.) vines. Thesis abstract.
Haryena Agricultural University 2(1)s 64

Heimsch, 1960. A new aspect of cortical development in roots.
so io m' ﬂl 195~201

*Hess, C.E. and Snyder, ¥W.B. 1957. A physiological comparison
of the use of mist with other propagastion
procedures used in rooting cuttinga. In %. 34th
int. hort. gongr. Netherlends, 1955. pp.1133-9

*Hughes, J. 1966. Vegetative propsgation of pepper under mist
sprey. 8. Pacif. Bull. 41(2)s 26-38

Hurov, R. 1967. The polythens bag method of rooting cuttings.
Plent Propagster 13(1)s 79

Indien Council for Agricultural Rese. rch, 19;6. Raising
pepper vine -~ & nev method ICAR Farm News
Release 308+ 4-10

*Institute of Research in Tropical Agronomy and Tissue culture
1965. Les multiplication &u poivrier (T e propagaticn

of pepper) Cah. Aqric. Prst. Pays. Chands ): 41-42



vi

Izuleppan, I,; Ponnuswemy, V; Vadivel, E. and Dharma Rzj, G.
1981. Studies on the propagation of pepper and
Cinnswmon. Placrosym. IV, 432-34.

Johensen, D.A. 1940. Plant Mierotechnique. Me Graw Hill Co.,
New York, pp.s 4%.

John, I.C. 1955. Propagation of black pepper. Egon. Bot. P!
233-234.

*Kamp, B.G. 1969. Preliminary studies in vegetative
propagation of égu Riorvm. Papus New Guines
ﬁgtc. g. a4’ 8 2.

Kerela Agricultursl University, 1986. Package of Prectices

w% KAU, Directorete of Extension,
Trichur pp.162-64

Karas, I. and Mg Cully, M.B. 1973. Further studies of the
formation of leterasl roots in {1% gcgm«.x-.
under constant conditions. Biologia Pi. 131209-18

Kiow, C.A, and Chou, T.7. 1973. Growing pepper. W!
’ a peper Nc,5. Department otzﬁim ture,
Kuala ur 4s 36.

"Xonstantinov, N.N. and Bodrova, N.A, 1962. Some features of
the biology of black pepper ( m L.)
snd methods of propagating it. gs . _giav. bet
2eds 100+ 69-73

Kurup, P.G. 1956. A new way of relsing peppsr vines. Indiap
mv ‘ (12)3 21-22.

Larcher, J. 1970. Propagstion of black pepper and use of rooting
hormone. Agron. $rop. Pagis. 23¢ 745-64.



.ll‘iu‘ J.R. and m‘m‘ R, 1966, The mﬁ"f‘iﬁg of peapper
cuttings. uﬂuuu 32: 8-11.

Lindex, R.C. 1939. Effects of indole acetic acid and
napthalene acetic acid on development of bduds
and roots in herse radish. Bot. Gas.
390+ 500-27.

Long, J.C. 1932. The influence of rooting media on the
character of roots produged by cuttings.

Prog. Amer. 8oc. Hort. 8ci. 293 325-50.

Me Cully, M.E. 1975. The development of laterals roots In:
J.G. Torry and D.T.Claxkson (E4.).

Froses Tondons orefosge o of Reste Besgemic

Metoalfe, C.R, and Chalk, L. 1950, Anatomy of the Dicotyledons.
Vol.1lI, Oxford clagrendcn Press, pp.1120-27,

Miller, C.D, 1963. Kinetin and Kinetin like compounds In:

K. Peach and M.V, Ttom (84.) %n %%l_;ﬂg
in 8 Springexr Ver Berlin
Hex 1““. { “ko Pr.194

Nambiar, P.K.V,. and Rurian, K.C, 1963, For better results
in planting pepper. Indisn Pmg. J}(6)s @

Nambiar, P.K.V.s Pillai, V.3,; Sasikymaran, 3. and Chandy,K.S.
1978. Pepper Research &t Panniyur - A lom.
J. BPlant. Sropg. §(1)s ¢-11.

Nicholas, R, and Pxyde, J.F.P. 1938. The vegetative
propagation of nutmeg huea*!rw) by

cuttings. m. m. a 2) 119229,

O'lrim, T.P.l del!. R, and M MIY' H.E. 1964.
Polychromatic staining of plant cell wall by
toluidine blue O' Protoplasma 239: 367-73.



viii

O'Rourke, F.L. 1940. The influence of blossom buds on
rooting of hardwoeod cuttings of Bluberry.

Proc. Mmer. Scc. Mogt, Sci. 40+ 332-4.

Panse, V.G, and Sukhatme, P.V, 1978, 8ta m

soricultursl workage. 3rd Kdn, I.C.A.K..,
Rew De h‘.c PP.’:- -

Pepper Research Staticn, Panniyur, 1980. Studies on the
influence of planting materials on the grwoth habit
and yield of pepper. Kerals Agricultursl Univegsity
Rgsearch Report,pp.274.

Pepper Rasezrch S8taticn, Panaiyur, 1981. Trials with plancofix
and other plant hormones on pepper.

Aqricultursl University Reseapch Report.p. .274

*htti. P.8.7 Maszi, and Strigoli, 1960. Considerasione Sulla
formazione delle radici svventizie con particolare
riguerdo as Cucerbita pepo, Nerium oleenderx
Menyanthes trifollsta, solanum ilycopersicum.

Nuove CGriogn Bot. ital 673 131-175.

Pillai, K.5. 1977. 8tudies on the comparative performance of
the 4ifferent kxinds of planting materials on the
yield of pepper. Agrl. Res. J. 3_{ Kersla. 133 87-88.

Piliai, V.S. and Sasikumaran, 8. 1977. New concepts of crop

management in pepper cultivation., Indian Cocoa.
Arecanut Spices J.8(3): 70-71

Pillai, V.5.; Ali, A.B.M. and Chandy, K.C. 1982. Effect of
3-indole butric acid on root initietion and
development of roots in stem cuttings of peprer.

Indtan Cogos Arecanut Spices J.6(1): 79.

Pontikis, C.A.; Mackenzie, K.A,DU, and Howard, R.H. 1979.
Establistment of initially uprocted stool shoots
of M,27 ‘ppl@ roct stocks. g. m_o &oa (1)‘7"350



“porres, A.H.A. 1966. A new type ?ntt for black pepper.
Rev. Gafe uagem. 8(1 s 21-23.

Priestly, J.H. snd Swingle, C.F, 1929. Vegetative propagation
from the stand point of plant anatomy. U,8.D.A,

Tech. Bull. 35}t 10-14

Richagds, A.V. 1935. Vegetative propagation of betel and
pepper vine. Irep. Agriculturist. iils 12-7.

*Sanford, 3. ;QSEi‘ Pepper in Sarawak. Malays Agric. J. 23(4):
08-14.

Shanthamalliah, M.R.7 Sullsdmath, U.V, and Krishnamurthy, K.
1974. Influence of maturity and time of planting
on the rooting et stem cuttings of pepier

(Piper nigrum.L.) Zpdien J. Hopt. 31(3)s 250-34

Senansyske, Y.D.A., and Kirthisingh, J.P. 1983. Effect of
shade and irrigstion on dblack pepper (P

uigm L.) ecuttings, J. Plent, Crops.

Singh, 5.P.1976. Rooting of by semihardwood

cutuag- undexr intermittent mist. Harysna J.

8ingh, 8.P. 1980. Mist propagoation of
undeyx lnuﬂitmt Iilt. t. . 3

(3/4)s 218-21

8ingh, $.P. and Motilel, V.5,1981., Effect of intermittent
mist and indolebutyric acid on regeneration of
Jegminum gambae cv. MNadanban by different

types
of cuttings. Haryane J. Mort. 8ci.10(1/2):34-57.

Smith, P.F, 1944. Rooting of gaule stem cuttings in serated
water, m. m. m. &o “. %$27-28.



*Stanglex, B.B. 1949. Anatomicsl study of the origin and
devaelopment of adventitious roots in stem

cuttings of santhesum morifolium,B.,
Dianthus us.b. mlccu.n

Ph.D, dissertation, Cornell Univ Ithaca, N.Y,

Strydom, P.X. and Hartman, H.J. 1960. Effect of indole
butyric acid on respirstion and nitrogen
metabolisme in Marisne 2624 plum soft wood stem

cuttings. Prog. Amex. So¢. Hoxt. Sci. 763 124-33

Sympson, R.L. and Chin.X. 1980. Intersction of 4-chlorophenoxy
isc butyric aeid and IBA on root and bud formetion
of Peperomis caperata. HortScience 15(3): 309-10.

.!“G.mo M. Tc and mam. 506019“0 m. mot‘-ng of
cuttings under artificial mist. Vestn. Sel' Loz

Bauxi 10(11): 115-22.

Williams, H,H.1943. Studies on the propagation of certain
broad leaved evergreens. With special reference
to leaf bud cuttings and root inducing substances.

Proc. Mmer. Soc. Hort. Sci.s3: 323-30

"Winters, H. r. and Musik, T.J. 1963. Raising bush pepper
(Riper pigrum L.) Trop. Agpig. Txyini 801247-S2.

*Zismerman, P.W.1939. Comparative activity of root indueing
substances and methods for treating cuttings.

Seatxibs. Boyce. Yompson. Inst. 2Q(4): 461-80.

Simmerman, M.H. end Tomlinson, P.B. 1972. The vascular system
of monocotyledonous stems. Bot. Gaz. 133314155,

*Originals not seen



 {apendix




Ty WD S D . Gl O D W O D O . WD 0

Februcry, 1987

March
April
Mey
June
July
August
Sep
Octobar
Novemrbar
Lecomber
Jepuary. 1988
Fel rvary
March
Aprild

Apoendix-I

Weather dsta during the period of experimentation

Mean Mean Mean Mean soil Sunshine

maximum minimum R.H, tenmpera- hours
tempera- tempera- (%) ture

ture ture (c)

(°c) (°C)
35.6 22.8 57 35.6 10.30
36.4 22.2 13 36.2 10.20
6.2 25.3 64 37.5 7.97
3.1 24.7 66 35.9 8.68
30.7 23.7 83 27.6 4.5)
30.3 23.5 ase 25.4 5.67
29.6 23.5 a7 28,6 3.66
31.5 23.9 79 31.% 6.72
31.9 23.9 79 30.2 7.66
31.6 22.8 77 29.3 8.11
31.6 23.3 70 29.3 7.861
32.4 22.0 se 30.4 9.20
3t.8 23.1 1) 6.2 9.80C
35.7 24.4 67 3.8 10.10
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Systematic studies were carried ocut in Centre for
Advanced Studies, College of Morticulture, Vellanikkare to
study different aspects of rooting of cuttings and snatomy
of the root initistion and development in black pepper.

For propagation studies, four different types of planting
materisls viz., runners (stolons), growing shoots (orthotrophs),
hanging shoots (geogrophs) and laterals (plageotrophs) were
treated with Seredix-B, IAA, IBA snd IAA + IBA combinstiom

esch at 500, 1000 and 1500 ppm concentrastions planted under
mist and open conditions. The results revealed that in all the
planting materisls IBA 1000 ppm treatment was superior with
regard to rooting percentage and other root growth parameters
such as number, length, fresh vweight and dry matter production

of roots.

Regaxdless of the growth regulator treatments, mist
had pronounced influence on root growth in all the planting
materials. However, mist decrsased the shoot weight and
shoot/root retio particularly in the final stages of
observation.



All the planting materials except laterals
rooted readily during March but laterels recorded maximum
rooting during June. Though there was not much difference
smong the planting materials vwith regard to their rooting
sbility, laterals were shy rooters and produced roots only
after six weeks of planting while all other types produced
roots readily w.u:hm three wesks of planting.

For anatomicsl studies, rooting regions of the
cuttings from all the trestments were used, The tissus origin
of roots was found to be the parenchyme situated in the
interfascicular region and three steps were identified in
the process of root development. Structure of the stem and
roots were also studied and desaribed.
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