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IR TRADUC TX N

Fodder ctrees assume special importance is the
lower hills of Himachal Pradesh where at times leafy
twigs are the anly source of greem fodder for wthe cactle,
Mariaga alalfexa Lam.Syn. Moxings RYSEXYIOROQIRD Geerta,
belongs to the family Morihgaceae and is commonly known
a8 dramstick, In Himechal Pradesh the tree is called
Xamunana or gahaniana, It is an indigenous tres growing
widely in the north subelimalayan tract and from Chenab
eastwards s Sarda in the south (Trouwp, 1921). It is
plentifal on recent glisvial land particularly in Northe
¥est India near sandy beds of rivers and streams, In
Himachal Pradesh 448 cocurrence 48 limited and grows
sporadically in the subslimalayan tract; viz., in the
pares of civil disyricts of Bilaspur, Kangra, Hamirpar,
Una, uuidl. dmu and Solan, Three varioties are
Teported to ecour in India, vis. Jafina, Shavakacherh marunga
and €ham RUKWAGE, These varieties are not recognised -
botanically, |

Various parts of N.oleiferp are used for different
puarposas, 'nndox.udq- and leaves are lepped for fedder
(Barkill and Parker, 1947), T™he leaves are rich in
carotene {(vismmin A) and ascortic acid (vitamim C) as
well as in prosein content {Bagchi and Sreenivasasn, 1948).
The tender pods and seeds are estymed as vegetshles,



Flower aad tender leaves are eaten as pot herd, The
zooks of the tree arse used a8 condiment oF gamish, The
stem of the tres exudes a gum which 4is locally used in
calico printing, 7The corky grey bark yields a coarse
£ibre which might be atilized in preparing mats, paper
or coxrdage (Chopra, 1933),

Besides, the tree has besn know and appreciated
in India for its medicinal value: Many of its parts such
as rots, bark, gum, leaves, flowers, seed and the seed
oil, have been used for varions ailments Lim indigenous
medicines, Two important alkaloids, Norimgine and
Moringinine extracted from root barxk, are used in the
allepathic medicines:

In its matural habitOnt Sohaning grows in all
types of soils eaxept atiff clays and thrives best mmder

tropical insular clisase of Zouth India,

lowever, the major constraint in attewpting for
extensive propagation of the tree is its lack of informae
tion, Im view of the multiple uses and high natrigive
fodder valie, the suitable methods are required to be
investigated for Uw mualtiplication of this tree in the
sube=ltimalays tract of Himachal Pradesh,

The present investigation was therefore canducted
%0 callect and collate information umder following
aitisned objectivess~



1. To standardise the seed germination method
in order to £ind outs
(a) Rffect of storage containers and storage
period on seed gexmination,

(b) The gemmination bshaviour and presance of
physical as well as physioclogical
dormancy of seeds by soaking in water.

(ec) Effect of dilute acid salution (iCl)
oA gemmination behavioar,

(d) EBffect of depth of sowing on seed germina-
tion,

\}., To standardise the vegetative propagation
in oxder ¢o find oats
(a) The response of the species to the propa-
gation by 1 and 2 year old branch cuttings
and through air=layering.

/ua) The possibility of use of plant regulatorxs
in its propagation by these methods,



REVIEW OF LI TRERATURE

Mexings cleifexs bam, of family Moringaceae is a
small or middle sized treey baxk corkyy wood softy root
pPUAQENYy young part tomentose, Leaves usially d-pinnate,
sometimes 45 cm leng rhachis alender, thichened and
srciculated at the hasey pinnas and pinnules opposite,
deciduous, thelir rhashides very slender, articulated and
vith a gland at the articalationsy unltinate leaflets
1220 by 6=10 mm, the latexal elliptic, the terminal
obovagey the lateral leaflets 1,5+2,5 am, those of the
weminal 3=56 mm long, Flowers vhite, imn large puberulous
panicles, Calyw lobes linear-lanceclate reflexsd,
paberuloas outsids, Petals spathulats, veined, Stamens
S fertile, altemaging with $«7 antherless onesy filaments
villous at the base, Ovary oblong, villous; style
eylindrie, Pods rxeaching 45 cm long, $-ribbed, Seeds
3~ angled, the angles winged (Xirsikar and Basu, 1975),

The prupagstion in the South Indiam conditions as
reported by various workers is either through seeds or by
entuings, Under south Indian conditions it survives best
and ig evergreen., Trowp(l92l) rxeporxted that its evergreen
naturs {s due ¢ the temperature and rainfall which varies
grom 43°C 0 48°C and 750 mm o 2150 mm, respectively.

In the present investigation attewmpts were made ¢
p¥pagase NOLIAGA g)elifera Py seeds, cuttings and alr
layering, W thin these brvad grouwps review of work done
18 semarized belowe



1, BY BEEDS:

Seed is most common means of propagation for
self and cross pollinated plants, Most seeds present no
problem in gemination and germinate when sown at
sppropriate season and stage of the seed, Trow(1921)
reported that Moringa gleifera can be grown by seeds and
cuttings, Seth et al.; (1962) reported that average
germination per-.' cent is 66 and gexmination commences on

about the Sth day after sowing,

e seeds of many species fail to germinate
inspite of the presence of favourable environmental
conditions, Janick (1974) temmed this state as seed

dormancy. Seed dommancy has been attributed to one or more

of the following reasons (Wareing and Phillips, }970;
Barton, 1965; Lang, 1965; Stokes, 1965), ~
(1) Hard and impemmeable seed coat,
(11) Immaturity of embxyo,
(144) after ripening in dry storage,
(iv) light sensitivity of seeds.

Various workers have reviewed the above factors
from time to time (Brant et al., 1971; Nikolaeva, 1969;
Barton, 1965, 1967; Flint and Mc Alister, 1937y Scott
and Draper, 1967; Hartmann and Kester, 1967; Rolston, 1978;
Copeland, 1976y Crocker and Barton, 1963; Salisbury and
Ross, 1969; Villiexs, 1972), Donnelly (1970) reported
that besides mvirmnenéal factors the genetic camponent
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of the plant also causes dommancy,

Seed atprage

Seeds are usually storxed for varxying lengths of
time afger hazvest, Viabiligy at the end of any storage
period is the result of (a) the initial viability at harvest,
as determined by factors of production and methods of
handiing, and (D) the rate at which dsterxioration takes
place, This rate of physiological change or aging is
associaved with (1) the kind of species of seed, and
(44) the eavironmental conditions of storage, primarily
temperature and relative humidity (Hartmann and Xester,
1972).

Iiterature has been reviewad by a large number
of w_tk.nrl who cont¥ibuted on the storage of sesds,
namely, Fonner (1978), Barson, (1961) Roberts (1972),
Holmes and Bussewicz (1938), sweln gt al.. (1974), vang
(1974). The handiing of seeds after maturity required
great care, The present revievw is dqo_it. under different
hesdings,

Erestorage caxes
Most sseds of trees fall into one of the three
catagories of seed storages~
(1) Seeds that arxe dried before storage.
(44) Seeds that must be kept molist for stofage.
(444) Seeds that myst be kept moist for extraction
and th; dried foX¥ storage.



Meost of the hardwood small seeded trees fall

in the firsg growp such as CaguArina. Sucalvpius, MOXinga,
and plyzanug (Bonnex, 1978).

The seaond category contains the seeds which are
difficult ¢to store after dzying and they loose their

viability on drying such as Asgqulug, Dipterpcaipus. lepes,
and Quercys (Tang and Tamari, 1973),

The third category includes mainly drupes and

other flaeshy fruits such as Ongling, Malys, Melia, Prunus
and Zlisiphus,

atorage Condistonss
The two objectives of storage are to maintain
sead stock as chesply as possible mtil they are needed
and o preserve seed quality as far as possible, Seeds
stored for longer duration generally loose their quality
bak L proper auteps of storage are whdervaken the gquality
ean be maintained,

Tree seeds are divided into two groups for
8%0Xage proceduress~

(1) $Species that can be kept at low moisture -

(44) Species that can Le kept at high moisture.

Seeds of ths fixst group are easy %0 store for
longer daration and q-nu:nuy tls seed moisture contant i



neintained botwean B and 10 peor eens (Benner, A978),
Sxamplen of Whie grewp inelude AUAK aasRlAKuR ( Yewmey
end Garl, A974)) Basuia adlaahanisnslia (Clausen, 1078))
SAKXA AYAMA (Wenner, 1976)) NugAlYpwiS ® . (Xruguam,

1974)) Ranwias Atsmula (sehreiner, 1974) and YUmus nunila
(Mads, 3007),

™e other givip of seads that require hMgh
welature centent foF storage are mainteined at 356-40
per eont of whe welsuure and mest of e Luarnus op.

ave ineluded Ln shis gwup (Neaner, 1973 susska, 19768).
AMiage sasalnap
Dghozal (1976) zepested chat the freshly extracted
seeds of teak (Teutona sxandis)cen be stored ia alrx tight
osntaineras under the eover of fungiaide duss., Seeds swored
Wpew 2 months have so far besh tried and gave germination

upto 54 per aant,. The WO wet canditions csuee decay of

seads,

According o Martaann and Kester (1976) te
purpose O0f soaking seeds iR wateX is W0 204ify hapd seed coets,
Temove Anhikicors, soften seeds and reduce ths tise of
germination, This treataent will ovescoms sesd coet
domsngy and stimulate gesmination ia scme cases.

Rre=g0aking
Scaking the seeds in weer before sowiang enhanes

gemination i wost of ¢he gpesies., ™S prececduse hes besd



used foX geminating Calery ( Taylor, 1949), Cola soaking

the seeds of some conifers, asuch as, coulteybine,

montery pine and douglas £ir for 24 hours just above

freszing somotimes proves beneficial, Soaking of Robinia
pasudoacacia seeds was not found to be useful by Troupf1921),
Debral (1976é) rxeported that scaking of teak seeds in

waser before sowing was hamful.

Acld _treatmenty
T™he purpose of acid scarification is t modify

haxd and impemeanle ssed covering, AaAccording to Hartmann
and Kester (1976), dry seeds ghould be placed in glass or
sarthern ware containers and covered with concentrated
sulphurie sci@ (specific gravity 1.84) in a ratio of
about one part seed to two parts acid, The time of
treatment may vary from specieg to species,

singh and soni (1974) reported that soaking the
sesds of Guava cultivars,Allahabed Safeda and Red
fleshed cultivars £for 3 minutes in hydrochlorié acid
improved the gemination aver 90 per ceat compared with
53 per cent from wntreated control. Pathak (1976) reported
that nine minutes scarification with concentrated sulphuric

acid gives maximum gemmimasion im obinia nsesdoacasia
.Q-d.o h

Depth of gowingp
Few studies have bednh conducted 0 unravel
the effect of sowing of seeds at various depthe of soil,



singh gt al.: (1973) reporeed higher percentage of
gemmination in Xeil) (pipug wyallichiana)sesds at 15 mm
soil depth,

2, BY CUTTINGS:

Rooting of cuttings is the simplest and least
apensive nt.had‘ol vegetative propagation of many species,
In this a portion of stem, OOt oF leaf Ls cut £rom
parent plant, vhich {s placed under certain favourable
environmental conditions and indyced to form roots and
shwots, thus producing a new independent plant
(Harumann and Kestexr, 1976),

jxthouqh this method of paapnqauon has been
practised since times immemorial, the first sclentific
peaper on rooting of cuttings was published by Duhamel du
Monceat in the year 1258, A considerable amount of
| ligerature dealing with diffexent aspects of rooting
have accumulated since then ahd reveal that the rooting

potential of plant species varies considerably (Vanderick,
19253 Jimings, 1937 Ssoutemyer, 1937) Fadl and Hartmann,

1968),
e

Cuttings of some plants root easily, others
ook with difficuley and still others do not oot at all;
It 4s an obscure and still unanswered question why same

cattiings do not root easily and others hardly ever,
<



.

N season has a paramount role to play im rooting
of stem cuttings, dome cuttings root throughout the year,
while others are seasonal, The magnitude of xuvoting
eveR iN species that root throughout the year varies
considerably with season (Mitchoock and Zimmerman, 1930
Bxandon, 1939), (1978) reported that seascn played
a main role in the root and shoot formation in Grewla
Sntiva, Morus albe “Gmm%wm and
Halacew (1956) reporved that highest percentage of
- gooting and of £irst grade plant in case of £ig came.
grom quktings taken at the beginning of November and
oril, They mclumd that the most active period of

o0t formation on the cuttings was May and June,

i\rqenun also influences the formagion of
eallus and also the initiation and developmant of roots
on stam castings, Mamode (1958) obtained better rooting
of stem cuttings wvhen the bod' maintained at a
relstively higher temperatare, _Gardner (1929) reported
that thw 00ting potential of stem cuttings decrsases
wvith the age of the mother plang.

ﬁum and Milcoxon (19235) and Thimann
(1933) reporsed that Indolebutyria acid (IBA), although
ROt naturally eccurring, was more effective than Raturally
occurring IAA in inducing the rooting An stem cuttings,
™he extensive literagture oa the effect of auxins in

rooting has heen adeguately reviewed from time ¢ time



(went and Thimann, 1937 Swingle, 1940y Leopold, 1960),

JMR’M in general, promote rooting at low but ine
hibis 4t a% high concencrations, Thers are many plaat
species which do not root even with spplication of auxins

(Pearse, 1939 )

Nanda (1969) reporeed chat enhaced rooting,
1BA being moat efiective aven when applied to the cuttings
apicslly privr to iaversed planting, Stem guttings of
most of the cried members of some families rxooted easily,
while chose of others were obstinate, indicating a closer
m-ummp of the nembers of the same family with respect
to intermal fgdtors detemining rooting potential,

Seasonal sooting response of atem cuttings of these species
was also related with the dissppearance of starch, the

low rooting corresponding w;m high and profuse rooting
with low starch eontentg,

In p¥opagation by stem cuttings i is negessarxy
that 2 Aew oot and shoot system be fomed, A new shoot
system is foxmed from an adventiiious bud and a new root
system from a gFoup of meristematic cells, Many occlls,
even in mature plant parts, have the capability of
retuming to the merisstematic condition sad fomiag roos

o shoot systems,

Bud imiciation on cuttings is stimulated by aspplice-
tioa of growth hormones, Auxin isalated from urine was
£irst demanstrated 0 have root formimg preperty (Thimeann
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and YWent, 1934). Since thea numerous tests and praceical
spplications 4in the use of synthetic chemicals in several
plant materials have been reporsed. Indole=3-acetic

acid (IAA) 48 known to© be the most widely occurring auxin,
but 4ts suitability as a rooting hommone fof practical
application is far less satisfactory. 1t 48 highly mobhile
and easily inactivated, thus it becomes less stable and
persistent, While IBA do not show these undesgirable
effects,

| Lee (1976) rxeported in Tagpdium distichum that
roosing of cutting was obtained best in the month of april,

Alley and retsrson (1977) reported in grapevine that
cuttings are greatly affected by temperature, refrigeration,
1BA concentration ol callusing aad rootimg of dormant
cuatting, IBA hastens the appearance of callus dld root
formation but not bud burst, Ghosh and Bhatnagar (1977)

observed in poflulus gamblatl that 200 ppm of IAA @r XBA
was best £oX Zooking taken im the moanth of November,
Nahlavi g% al., (1976) reported the rooting of olive
soft wood castings wvith @@ application of IBA (5000
pPPR, 6 second dip). Gol gt a),,; (1978 a) obsexved that
Nepthalia acetic acid (NAA) (O=50 ppm) was effective in
forming roots iR s0ft wood cuttings of Jlex iutinda,
@i 9t al.. (1978 b) reported that wvhen hard wood cuttings
were taken and treated with NAAIBA (0=-50 ppm) 1
Chagnongleg., were imeffective in response to the rooting
formation., 4&inha gt gl.. (1962) observed poor rooting
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in guava cuttings treated with plant growth regulators,

/nooay plants ia general require a higher
concensration of hormones than the herbaceous plants,
footing was induced in the cuttings of poinsettis
palshexximg by treating with IBA at 510 ppm while
the ssme treatments failed to induce xooking from the
cuttings of Mangifexs indica and Syzygiom suming,

Chandra (1956) xeported that Rauvalfia tetraphvila
can be ralised by vegetative means with hard wood cuttings

afser srecatment with XAA,

Bhattacharya and Bhaduxi (1959) obtained bstter
rooting after treating soft wood cuttings of Rauvolfia
aarRantina with 1000 and 5000 ppm of IBA, Singh (1956)
reporied vegetative propagatsion of Xigelia pinnasa
by inducing Xooting on hardwood cuttings with 20 ppm
IBA fof 12 hour sreatment, In Justicia, IMA and IBA
in combination with sucrose cjavo significant increase in
the number of zoots, ARORG IAA, IBA and NAA, the last
proved effective, whereas other two have no effect im the

indnction of rxooting of the twigs of Magnolia gxandifiaxa
‘.’”u‘“o 1988),

Mard wood cuttings like Thiia, Juilnerus species
oot well and ii: Taxs epecies fairly well while Pigea,

Inuga, Adas and Pinug spp. are aifficult to oot (Nelsoa,
1959 Swarteley and Chadwick, 1939) Myhre and Schwartse,1948).
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3. BY AL P=LAYERING

Adziance and Brison (1967) have defined layering
to be a propagation method by which adventitious roots
are caused to fom on the stem while Lt 4is still attached
t parent planty The rooted or layered stem is thea
detached ¥ becomé a new plant growing on its owl roots,

Hartmann and Kesser (1976) stated that the root
formation during layering is stimulated by various atem
trestaents, which cause an interription in the dowawarxd
translocation of organic materiales-carbohydrates, auxins
.nd other growth factors f£rom leaves and growing shoot tops,
These materials socumulate near the polint of treatment and
rooting occurs in this general area evea though the
stem 48 atill attached to the parent M%

Accoxding to Naik (1967) the air layering
‘involves the rooting of pl.ugu while they are still attached
to pareat plant, It is accomplished by wounding or
girdiing of a oranch and covering the wounded part with
soil or organic matter, After rooting the temminal part
is zemoved from the plant and out planted. Alr layers
of woody plants initiate callus development followed by
root foImation at the physiological base of the incision,
These steps GaA be enhanced by the application of auxias,

generally weak awdns,

Wxespring with sphaghum wmoss alone may be adequate
48 hemidisy is very high er dally syrianging is practised
(Baik, 1967)., Du Prees (1954) and Grove (1947) reported
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that polyshene film which has high pemeability to gas.,
low trangmission of water vapour and sufficient durability
o vithstand long periods of weathering, has largely
replaced other materials for covering the rooting media,

| Tield and damer (1940), Wat Kins (1952) and
MowEY 8% ak.  (1933) xeported that air layering is used
successfully to propagate a large number of subetropical
and tropical trees and shrubs, Hao (1953) reported that
Horinga shelfegs can possibly be propagated by airx
layering,

dpplication of root promoting substances such
as IBA, NAA, ZAA etg, during air layering is sometimes
baneficial, ngt Xumar (1979) xeported 70,4 per cent
success in mwum S000 ppm IBA, Other
formslations like Seradiy=B and Rootone have also shown
encouraging resalts, cmazmx and Singh (1872) foumd that
IBA 5000 prm was more effective than NAA in promoting the
rooting and establisiment of mango marcoss, The applicatian
at the time of ringing was less effective tham applicatim
one day later, Alkathene was better wrapping material than
guany cloth,

Green (1962) found cthat air layering on lateral
branches gives better root.ag thah on temminal shootas.
Madhava Rao (1938) observed chat cae yoar old shoots in
cashewaut apeared to have tendency &0 produce larger
aumber of rosts that the current seasca shoots,
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Mohamad Husain (1%66) reported that rooting response was
favoared by temperature and gpplication of nutriant solution

in Eucalypsus,

Season has a paramount role t© play in' callus
formation of forest trees, The marked seasonal varisbility
of rooting of Sallx atrecineres was emphasized by Vieltez
and Pena (1968), Alrxr layering with IBA, RAA and Seradix
at concentrations of 1,000 ¢o 10,000 ppm gave 100 per
aent rooting in Amherstia pobilis and 60 to 80 per cent
is Hesua farres.

The active phase of root regeneration occurred
during January to April and a lesser phase lasted f£rom
" May w August and a few roots initiated from September to
December (Doran, 1957). Khosla gg al,, (1980) conducted
alr layering experiments on Moxrus alba, Ficus caflca,
gceda gptiva and reporetsd thag apnlication of IBA (O to
1,000 ppm) enhanced differentiation of calinsed layer to
rooted layer in shorter duration in all the seasons i.a,
pre=monscon, monson and post-monsoon, Alommberg (1964)
obsexrved that temparature influences the callus formation,
Khosla @t al, ., .(191’) also supporesd §¢,

Jauhari and Nigam (1958) and Jauhari (1960)
reported in Carigey caxrandas that concentration higher than
10,000 ppm of IBA and NAA limited rooting response to 20
%0 40 per cent, while the lower concentrations caused 100
per ceagt rooting ia 2 year wdge.
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Vozob'ed (1978) reported im 4 ysar o0ld shoots
of Mippoohas zhamnoides XBA (17 mg/g) or IXAA (20 mg/q)
caused airx laysrs © root wishin 2% days, when leaves and
eurrent year shoots were removid.



MATERIALs AND METHCODS

™he present investigations on the standardization
of propagation techniques for Moringa oleiferg Lem. of
sub=Himalayan sone in Himachal Pradesh were carried out in

the Deparwment of Forestry, Himachal Pradesh Xxishi
Vishva Vidyalaya, Solan since July, 1978, Ryperimental
sxials were Jaid out in the nursery areas of shilii (solan),
New Compus Cachghat (3olan), Nihari(Bilaspur) and Sanan
(Aki)s Details of mathods followed and techniques adopted
during the course of these investigations, are outlined
bel ows
Ao PROPAGATION BY SEEDSs
i. Collegticps

T™he seeds were collected from fully matured fresh
fxruies obtained £rom the maturs mother plants in the month
of May and June, The seeds were extracted from the pods and
dried in shade before giving pre-sowing treatment or
dixeat sowing,

2. S%pIage

After pxoper Aryiag, one kilogram of seed
( abous 590 in numberxs) was stored im each of the following
£0Ur types of containers,

() Opem tray (7))

(11) Ar tighe un (1)

(444) Qunay bag (1,)

(dv) Plastie jar (%)

™he seeds were stwered in gthese containers for a
peried of one month after which 300 seeds (3 replicates
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of 100 seasds each) wers sown from each lot to determine
the effect of stoxage containers on seed gemination,

Seeds foF sowing eperiments were stored seperately
in a plastic jar at room temperaturs, 7To determine the
effest of storage period on gemmination sowing was done
from this jar 4in three lots after a storage period of
one month (T,), two months (?2) and three months ('l‘,).

3. foxipg
3.1 Boxmal gowings
With a view to determine initial germination

response, 150 seeds in three replicates of 50 each were
sownt in the nursery beds in the month of July. The seeds
were sownt at & depth of 10 cm and the spacing between
seeds wa® 10 cm and betwean rows 20 cm, Also %o destemmine
gemmination behaviour under laboratory conditions 90
seeds Ain 3 replicates of 30 each were kept in Petri dishes
in a BOD imcubator. at 28°C,

3.2 Sowing aftex pre-trejtmentss
Following two treatments were givea to seeds

before sowing.
3.2(4) Acid txeatments
The sesds wers pre-treated with hydrochlorie acid
at a eoncentrations of 0,1(Ty), 0.2(Tg)s O.5(T) and
1 (2;)) per cens for twenty seconds, After that seeds were
washed thoroughly with tap water in order to make them
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.tno from acid and cthea excess ot moisture was removed by
holding them Ln between two -huu of filter paper., The
dried sesds were sown in the nurserxy beds exactly in 'm.

same manner as stated in 3,1,

3.2444) pre=soaking An watqrs
The seeds were soaked in distilled water for

o(Ty), 32(T,)) and 24 (T,) hours, The wet seeds were dried
within the folds of filter peper and sown in beds at a
npnemg'o! 10 om x 230 om, In each treatment 555 seeds
were sowl in threes replicates of 185 seeds each,

3.3. §owing
The seeds ware sown in the beds at the following

depths:-

(1) 5 om (1)

(14) 10 mm (2)

(144) 15 mm (%)

(Av) 20m (T )'

The spacing was kept same as im 3.2.(i4). 1Im
each treatment 165 seeds were sown in three replicates of
55 each,

With a view % protect the seeds £rom fungal
astach and soil bom diseases, they were treated »wdth
0,2 per cent solutions of Captan (for 10 seconds) jast
before souing. PFor minimising the insect attack the soil
was thoroughly mixed with BHC (15%) at the time of nursery
bed preparation,



Obsexvations were recorded in regard to emergence
of seedlings, height and di ameter of the seedlings,

- The nursery area was visited every day in the
morming and emergence of seedlings vas recorded, if any,
This ebservation was made till the last seefling emerged
£rom tho nursery bed,

| T™he haight of uu seedlings was measured at a
period of 3 months after sowing of seeds in the nursery,
™he measuremént was done vith the help of a metser ecale,

The diameter of the seedlings was recorded
.along with the height, It was retorded with the help
of a Vemier calliper at ground level,

By, PROPAGATION BY CUTTINGSs
1. Exeparation ef cugcings’

Mard wod auttings,30,90 ca in lengeh and 0,75 w 2,0
am in mid diaseter, were prepared from one and two year old
healthy tree branches from Bilaspur, Ssnan (Axki) and
Gambar (Arki) areas,

2. Ireasasntes
2.1, Indole butyriq scid (XaA)s
The cuttings were treated with IBA solution of
different concentrations <(0.so. 100, 150, 200 and 500 pmm)

by long time dip meshod IBA soluticm was prepared by
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dlssolving the requisite quantity of the chemical first
in a small quantity of sthyl alcohol and then making the
desired volume with distilled water, The basal portion

{ 1 0o 2 cm l) of each cutting was dipped in the solution
fox 12, 24 and 48 hours, The cuttings were thea planted
in the nursery bed, Forty five cuttings were used for
each treatment in J replicages of 15 each, The troatments

were as followss

S—— L SN

Concentration of Mpping period
1BA 12 hr a4 At 48 hr

o PPR | To '!6 'rn

0 ppm I % T3
100 ppm T Ts T14

150 ppm T, T, T

200 ppm LA To T1e

500 ppm s T T3

_ g
Two chemical treatments, namely, Seradix-B sad

&
Raosone ’&).xo tried, The directions of manufacturers for

use 0f each commescial formulation were followed before
planting them in the Rursery, UBEresh cut was made ag

the base of custing which was dipped in the geadymade
powdar removing the emsess powder by tapping with finger,

AN
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3. Riansings
Nine hundred cuttings (30,0 x 0,752,000 cm)
im three replicates of 300 each werxe planted 20 ca dsep at
an angle of about 0® in well prepared beds at a spacing
of 10 x 20 om, Watering was done as and when required,
™he guttings were planted in the nursery araas of shilli,
New Campits and Nihari in three seasins, viz,., monsoon,

winter and spring,

4. Becording of obsexvationgs
| Samples of one and two year old cattings were
taken oMt randomly from the bed and examined for root¢
infitiation, callus formation and sprouting atter 30,45 ,
60, 75 and 90 dayes.

Coe PRIPAGATION BY ALR LAYERINGs

3. Meshed of alx Javering

Young, heal thy and mature shcots were selected

and a ring of bark 2.5 to 4 cm in length was resoved by
giving two cuts, Indole buvyrie acid (IBA) at 5,000 ppm
in lanalin paste was applied on the exposed portion of the
shoot with the help of a small brush, This was prepared
by thoroughly mixing 100 mg XBA iR 20 g pure lemolin paste,
Conmercial fomulations were also applied on the air layers
a8 per direutions of the manufacturers, Thean a haadful
of moist sphagaum moss was placed 0 cover the ringed portiom
sRd wrapped wvith polythene covers of about 20 cm ia leagth
and 15 cm ia breadth, The wwe ends were segurely tied
vith twvine,
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Cbservaticns were recorded after 30, 45, 60
and 90 days of layering, The palethene covers wers ciut
open and layors were examined for the zoot initiation and
the callue !o:uat.toa. alongwi th the number of living and
noneliving layered branches,

D, LAY QUT OF EXPREXMENT:
| | Al) the experinents were laid out in randomised
bloek design and analysed statistically for variance

and covariance as belows
i,

™ £ind the significance of the Adifference

.. between the treatments in accordance with the data
obtained for each character were analysed on the following
model givem by Fisher (1938)
Pijk mm ¢ Glj ¢ bk ¢ aijk
whele
R = general mean
Gj] = the effect of thes treatment
bk = tl{o effect of replication k

el jk = erxor tem associated wigh
4 jxth obsexvatiam,

1.1 Analysis of variances

S——

Souzaee of Degree of Variance
variation S reedom tved EKxpec ratio
D e e e

Replications =)} o Ve ¢ pVr N/ Me
Treatmeng p=1 Lonp Ve ¢ hVg MWo/Me

Error : (=1)(p=l) Me Ve

e




wvhexes
b= number of replications

p®= number of treatments
Vp ®fp = treatments mean square
Vb «id = xeplication mean square

Ve miia = @Irror meah aguare

The treatments meal squares weare compared againest
Nelexrorf m.s.) by °'F’ tast for (p=l), (b=1l) (p=l) degree of
freedom and replication meaR squarxe ware tested against Me
by ‘P' cest forx (bel),(p=1) (b=1) degree of freedom at
p ™ 0,05 and p = 0,01, |

T™he standard erxor of trsatments means was
equsl to_/Re/D  and standard error diffexence for comparing
w0 treatment means vas _/ 2 Me/b, The critical difference
-wnl compated by multiplying the standard error of difference
vith 'F* value for (b=1) (p=~l) degtee of freedom at
p =008 and p =« 0,04,

Assawp tion for covariahce are a combination of

those for the asnalysis of variance and linear regression,

For randomized hlock design with one obssrvation
per cell, the following mathematical model was adopted
whers aymbol carried their usual meanings:

ru-i" ouoq.»(:gu-x) +alj

™e analysis of covariance was c.nducted taking
X ( 1 yr cuttings) as main dependeat variable, These
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ancillary data wvas utilized in statistical analysis

for making an allowance for the effect of this factor (X)

on the estimates of treatment differences and the contributions
made by them to the estimated experimental error,

T™he regression of main variate (Y) on thke
concomitang variate (i) must come out to ve aignificant
s0 that the zdjustments made may pe worthwhile, The table
given iR Appendix « IV 3 gives the manner for testing
the dwucaﬂco of xign._atm by 'F'~ test,

The tollloulng formula given by Dr, Finney was used

for getting the average standard error of the difference
betweel any two treatment meanss

«E. J“‘I\I'T“—-""“.g_
8,8, (diff) = v-r‘ 0_3_._1,:: )

wherxe A = no, of treatments
compared
r = po., of replications
Tx and Ex = The treatment
and error sum
of squares
respectively
For dnwing the bar diagram of the adjusted treatment means
the critical difference is calculaged as usual i,e,
c'”’(0,0s) - 8"’(&“.) b 4 tﬁ.os, for adjusted degree of
freedoma, <



RESULTS AND D1SCUSIION

The results obtained in the present investigation
ol propagation techmiques for raising Moxings olsifery Lam,
are presented and discussed wmnder the following three heads:-

(1) By seeds

(44) By eactings

(iii) By air-layering

1. BY SREDS

‘ l.1 Rffec
geeds

e seeds after Arying were kept in opeA tray
(7)), closed tin (T,), gunny bag (T;) and plastic jar (T,)

‘and gown in the field after a storage period of one month,
Hhe obsexvations and analysis of varignce for this character
a6 presented in Table=1l, Appendixn-IA and Fige 3A,

Table )
Effect 0f storage container on seed gemination

P = —— e e S =

Treatments Mean Gazmination
percentage

Plassic jar ( ‘l") 60,00 60, Q0

Gpen tray (%) 36, 66 56, 66

GuARy bag (7y) $3. 33 3. 33

Closed tia (%) 43,3} .33

o= e

Aralyesis of the data showed that the effect of

StOoXag@ge cantainer o seed germmination was no@ significant.
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Aalysis of the data showed that the difference
betwesn the various sypes of containers used im this
experinent vas none=gignificant, hence all types of
containers were egqually good for storage purpose,

However, the seeds stored in the plastic jar (T,) registered
a higher gemmination percentage (60%) in comparison to

OpEeR tray (1’;. 56, 66%) , gunny bag (r,. 53,33%) or closed
tin (r,. 43,33%) which may perhaps be due to better
pmmum piovided by plastic covering of jar against
glimagic variations and fungal or pest attack,

The air dried seeds stored in open tray werxe

sown in the nursery after a period of one month im July (7)),
aftsX two months in August (T,) and after three months

in September (‘l,). The observations and the analysis of
variance for this charxacter are presentad in Table-2,

ppendix IB and Fig- 38,

Iable 2
Effect of storage period on seed germination

Treatmen ts Nean Barx Gamination
di agram percentage

it

After 1 month {i.e, July 120 60

After 2 moagh i.€, Augass

sowing (11) %6 49
Afear 3 month i.e. September

sowing (1,) -4 39 7.5
cono(o.ox, * "o”







Analysis of the data revealed that the seeds
sowk after onRe month from the date of harvesting (T;)
gave highest gemmination (60%) as compared to other
trsathents, Sowing of seeds after two months ('1'3) also
gave significantly higher gemminagion (48%) chan the seed
som after three months (T3, 7.5%). This indicatss that
_sowing 4in the month of July within ohe month of harvest
is bast sulted for this species and it should not be
kept ia storags for a period of more than two months as
the gemination percentage declines significantly
thersatter: In case of September sowing the seedlings were
injured by froasl lale-1).

, Emergence of seedlings ia the nursery beds was
recorded on 1lath day after sowing of seads, The emergence
of secedlings continued for about 30 days, The total
gemination percentage registered in normal sowing qf
wtreatod seeds was 64 per cent, All seedling in noxmal
sowing were healthy and were not infested and attacked by
fungal and insects respectively ( Plaa-1L ), under the
laborxasory conditions seedlings emerged comparatively
earlier on 10th day and gexrmimation percentage was 80,

A Seth ¢t al.. (1962) reported that gemimation
in Yoxings clsifera seeds commenced frum she Pth day

onwards which is slightly utyu than the time taken
for germination in eur experiments., Smme authers have

also reporved a slighily higher gemmination peZXOentage



(66%). These differences in germination time and
perdantage may be primarily due to locational and elimatic
variations and 4ifference in other experimental condltions,

™he ocbservations made for these treatments

and analysis of variance for these characters are presented
in Mhle=3, Appendix=iIA and Fig=4A.

Iabie=3

Bifeat of presowing treatments oh seed gemmination

S

Treatments Mean Bar Gezmination
diag- percentage
xam

Control (7,)120,00 64,86

24 hour water sosking (Tg) 93.33 | S0, 44

48 houar water soaking (t,) 86, 66 46,84

Sosking im O.1% HC1  (7T,) 26,66 14,41

Soaking iR 0,2% 1 (7)) 6,66 3. 66

Soaking im O.5% i1 (T,) 6,66 3,66

Soaking Ln % ru:l "!2 9,00 o.@ _

_“'(dl.lt.) 16,19

Q.D.‘o.ou 49, 34

e ———— =S

A perusal of the data wvilli show that the seeds
which were satreated (eontral, ‘rl) gave the highest
gemination (04,86%) among all the tsreawmeats bat mo
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significant difference was found €0 occur im gepaination
betwean T;, Tg snd Ty, though T; showed significantly
higher germinaticon whem compared with the acid treagments
(fzo 3. T4 806 ‘!,) Similarly, soaking of seeds in
distilled water for 24 hours (7,) and 48 hours (Ty) gave
significantly higher gexmination as compared t acid
treataemts (T,, Ty, Ty and Tg) which were found to be non
significant among themselves, These results indicats that

An this spu_tu nommal sesds can be sowh aftseX harvest

as swh uithout any sresataent md traating of these seeds
vith distilled water or acid gives no addigional advantage,
rather it has a deleterious effect on gemminatgion,
Smilar hammful effect of soaking of seeds in w hter was
fomd to [y occar in Robinia pnasndoacacia oy Trowp (1921)
and in tesk seeds by Debral (1976). Sesds of Moripga
cleifers sowh by sSeth gt al.. (1862) which registered a
good germination percentage (66%) were also satrsated
nomal seeds, The damaging effect of acid may be due to
inviability of embryo oX the blockage of metabalic process
of germinasion or degradation/inaasivation of the
- metabolities im the presence of hydrochlorxic acid,
1.4.b, Effect on helght of seediinges

he haight of seedlings was recorded after J
moRths of sowing of seeds in the pursery, The observagions
recoxdsd for this character and the analysis of

variance are presented in hb}ou. ppendin- IIB and
iQg=2A.



23

Iable=4
Rffeat of pre-sowing treatmengs on height of secilings

= G— ADASASDR

Treatments Average height Bar diagrem
| (in cms)
S =
Control (r;) i1.33

24 hour water soaking (T,) 9,50
48 hour water soaking (z,) 8. 96
soaking im O.1% K1 (D) . 33
soagking ia O, 2% HC) (1'3) 2.3%6
sosking im O, 5% L (%) LT3

goaking imn IX KKl (T) 0O,&

s. ‘-. ‘“‘i. , . 1. 457
€D (. 01) 3.178
e : : e )

The perusal of the data will reveal that the
control (T,) gave highest average shoot length among sll the
treatamnts, T™here was no significant difference iR average
shoot leagth among T, T, and T, treataents, though T,
had significantly higher shoot leagth whea campared i th
Tye Tye T, aAd T, troatments, &inilarly, T, and 7, showed
sighificantly more shoot Jength as compared w rz. r,. r‘
and Ty greatments, Treatwents Tyo Ty a4 Ty T, aad Ty

™ and r’, r,. r‘ and Ty 4aid net (flttor significantly
among themselves,



AD in case of seod gemmination, the untrsated
seed (contral, T)) appeaks to bs the best amang all the treats
amts and as such is more suited £for development of
4ailsy; sssdlings, There sppears o be Ro advantage of
pre=cieatant of seeis with wvater oF IC)l as these two 1
treatments have been £foumd to result in lower shoot
length, No refersnce on this aspect gould be available
in whe literature hence it is dlificult w0 explain this
phenonenol lﬁ the present atage, It may provaily be
das ¢0 im-activation of growsh pfomosing hosmones/
enzymas by MC1 in the earlier stages of the seedlings.

1.4.¢, REifect ¢
e diametsr of scedlings wvas recorded at
gromd level after 3 monghe of sowing of seeds, The
obssivation made on this parameter and the analyelis of
variance are reported in Tanle=5, Appandin=-1IC snd Fig-20,

Dole=3

Bffect of pre=sowing treatnents on dismeter growth of
sesdlings.

e e~ ——

Treathnents Average Bar diagraa
' diameter
( in cme)
Coatsol (‘!;) Q. 563
24 hwar vater soaking (1'.) 0, 503
48 hour waser sosking ('l,) 0, 496
Sosking im O,1% K} (fz) ) O, 303
Scaking ia O, 2% X2} (T3) Qe 240
Soaking in O, 3% C) (1‘_) o, 073
Scaking i 1% ) (r,) 0, 000
S B ) L XEY
0'17?
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A perusal of the data will show that the
ceontrol (‘!'1) gave the highest average diameter growth
among all the treatments, There was no significant
difference in dismeter of seedlings among T),,T, and T,
treatments, though T, had significantly higher diameter
when compared with K Ty Ty and Ty treatments, uuxauy.*rz)
Ty and T, treatments showed significantly higher
diameter growth as compared to ~& 'r,. r‘ and r, treataants,
Treatments 1'3.1';,1" and 17,721'3 agd r’; Tye r4 and T, aid
not differ significantly among themselves,

| AS in case of afore’sald two parameters
(gsxmination percentage and shoot leagth), the untreated
seeds (consral, T;) appears to De the best amoagst all
the treatments hence best sulted for higher growth of
dismeter of geedlings, There appears to be no advantage
of pre~treatment of seeds with wvater or Il as these
pre-treatment resulg in lower growth of seedliing diameter,
On this aspect also no reference could be availanle oat
it sppears that the deleterious effect of acid on the
growth of diameser of seedlings may be due to insctivation/
destruction of growth promoting snzymes/hormones by
acid in the esariier stages of growth of seediings,

- 3.5, Rifecs of depsh of gowimg on seed comsinations

™he emergence of seedlings from various depths

of soil was recordsd for two moaths aftsr sowiang of seed
<

in the £iSst week of July, ™he observations recorded on !
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this parameter and the analysis of variance are presented
iR Table=6, Appendin-I1I and Fige 1B,

abho-g
Refect of depth of sowing on seed germination

e ST e ST e e )

Treatmants depth Meann Bar dexmination
of sowing ( in wm) diagram percentage
10 wm "z’ 36,68 l 66, 65
15 =m (1'3) 31,66 57,66

20 wm (T,) 13.33 24.23
8B (aree,) 4.058

c;n. (o. ox) ) 18.“

[ ———— S ————— o

A perusal of the data revealed that the seeds
sown at 10 ma depth (‘!z) gave the highest (66,65%)
gemination of seeds among all the treatments, There wvas
no dwiucmt differense in gemination between 10 mm
(7,) and 15 mm (7)) treatments, MNHowever, T, treatment had
‘significantly higher germination when gumpared with t‘ aka
Ty treatments, Siailarly, ‘l', treatmeat also had significantly
M:ml gexmination as compared to 'l" and ‘l'; treatments
which were nonegignificant betwesh themsel ves,

Siagh gt g),; (1973) recorded s higher perveatage
of gammination ia Xail (Pings wliichisfa) seeds at 1S am
selil depth., In this eperiment the maxinum peesntage of
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germinatioR was recorded at a soil depth of 10 mm instead
of 15 sm, Shallow as well as deep sowing (than 10 mm)
greatly redused the germination, This can be attributed
to poox formation of xoots of the seedlings in shallow
sowing whereas in the desper sowing, the radical of the
sesdlings remains embedded t00 deep and 4is not able to

onergs one,

2. BY CUTTINGS,

‘AS mentioned under material and methods, the one
and o year old branch cuttings after treating with plant
regulasors were planted {n three seasons, viz., monsoan

(duly, August, Ssptember), winter enberX and December),
spring (Pabruary and March),
It wes observed that all the cutkings, whether

treated or untreated, failed % root wvhek planted ia
ralny seasol oX in winter .,

Ia monsoon the growth response was extremely

poot: Almost all the cuttings wers found severely attacked
| and heavily infested with insescts and pests, promineat
anongst vhich were maggots, spring tails, larvae of
arthropods, mites and thrips, These cuttiags were also atta-
aked heavily by disease caumsing fungli, mainly Magioohoma,
Daazin and Toiqhodisns species, This resulted ia
heavy morsality of cuttings ;-n(ia sabsequently decayed
amd aedd ML-—IIL).



The custings planted during winter months
also showed a poor growth response, In a few cuttiags
spXouting was obsexved but without fomation of rovots,
These cuttings also died subsequently, the poor growth
response and poor root fommatica in th@S£cuttings can
ba attridbuted to the factors like light, temwperature,
water, homidity and aeration mchw&!avourahlc during
thase months, |

The thixrd set of enttings wvhich were planted
during spring showed a good growth response and the
ohomaudul of thalr sprouting and motings were
recoxded up %o three moaths of planting, Thess obsexvations
and their analysis of variance axe presonted im Tahle-7,
spendineIVe A to B,

The analysis of covariance of the data revealed
that the regresaion coeffichent of 2 yr,cuttings (¥)
OR one year cuttings (X) is Mﬂy.uwucaat at 0,0%
level of significance leading to the congluaion that the
-variability in the first year auttings had significant
effect on two year cuttings as tested by applying °'P’
sest. This necessiated the adjuswmeng of the treatment
mears as given in table in Appendiy=lVeD,

The average crigical difference of any two
adjusted treatment means is obtained by using she formula
given by Dr, Fimney (menticned im the chapter matserial
snd metheds).



Ianle=7
Sffect of different plang regulator tresatments on lboung
of cuttings.

— e L
TaReb( -k :

—— - — i

Ty 6, 34 43,60

7, 5,54 1 36,93

7, 54 0,26 - {

To 4.54 3 C 30,26

e T 11 | 30,26

, G54 30,26

7 3.8 x 25,86

3 3,88 ! | 2266

T 3. 54 i 23,60

o S22 2.4

T, 2,87 l E 1913

Ty 2,54 N , 16,93

2,23 : 14.73

7y 1.87 t 12,46

N, 1.54 i1 10,20

‘e 154 | 10,2¢

Tie 1.20 8,00

fe 1,20 5.

T12 Q. 84 3.60

Ty 7 3,60 -

SR aigs,) B %, 05 OTFOF d. 8, 0. 36

c.D. l. "‘
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pPerusal of the dawa showed that vreatment T, gave significante
iy "ere Footing iR comparison to other treatment except
‘!.. Treataents T, and 'l" wexe found ¢ be noa significant
betweeR each othax, Treatment T, also gave significant
results when eompared with treatmenss Ty, Ty,Ty To, Ty
T3’ Tior To¢ Tiy’ Tayr Taer Taee Tig 284 Ty DUt vas
found to be non significant whem gompared with T,,T,, Ty,
T,p 884 Ty o treatments, Similarly treatuents 7,, Ty, Ty
Tigr Tge T MMA Ty T, Ty, Ty To WA Ty Ty, Ty Too T,
and T3 To’ r‘. ‘r“ and e 1", 'ru, To and r.; 1'11.
Tior Tor iy 4 By Tior Tge Tipe Tiyr Ty M9 Ty

sad Ty, Ty Tyqo Tigr Tig S04 Tyy were fomd to be

non signifidant among each other,

As reported by Hitchcock and Zimmerman (1930)
arandon (1939), Grigorov and Halacem (1956), Hamode (19%8),
Scod (1978) and many eother workers, season plays a
paramowat role iA Iwoting of stem castings., &ome eattings
300t throunghout the year, while ethers are seascmal,
Tamperature influsnces the fomation of callas and also
the initiation and development of OOt system iR stem
auttings, From eur obsexvations it appears that MRIAAGA
slsifary is a seascnal tree, the branch cattings of which
should be planted during spring seasom (Fehcuary-March),

Softwood cuttings of many tress aihd shruhe reot
better in spriag (Marwmann: and Bmsak, 1958). e seassnal
changes 4in the motiag regponse of cattiags have been
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ascribed so by nature of cutsings (Nands, 1970), changes
in food forming substances (Xiain, 1953) or o physiolo=
gical status (Wells, 1963) or o changes in the endogenous
contant of growth substances (Tyee, 18937),

AR regards the effect of different plant
regulators on mooting of custings, IAA 50 ppm, 24 hour
dip was found to be the best giving 43, 60% rooting im
branch cutsings,

No referance could be availahle to indicate
the effect of plant regulators oan the mwoting of branch
cuttings of this species but €t initistion of soking
is stimulated by spplication of growth hormones and
plant regulators has besn shown by meay workers iR several
species of forest trees, Gosh and Fathagar (1977)
obsexved that 200 ppm of IBA was best for rooting of
Penulus gamblel custings, Nahlawd g% al,. (1976¢)
reporeead better rootings of clive wood cuttings with the
spplication of IBA (5000 ppm, 6 second &ip). Rooting
vas induced in the cuttings of Poinsetsia pulchaccima
By treating with IBA at 5=10 ppa, Bhattacharya and
Bhaduri (19$9) obtained better roting of Bammifia
SeXoeAsing wvith 1000 and 3000 prm of IBA. &ingh (19%6)

-yeported vegetative propagation of Kigelia ainnasa by
indusiag oONIRG ea hardwood cattings with 20 ppm IBA
for 12 hour trestment,

‘\
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Gne and two year old branch cuttings with

similar creatments as mentionsd i8 2,1 were plented
during Pebruary-iMarxch, 1979 o determine the effect of
plant regulators on the Ivoting responase of these
cattings, e obsexrvations recorded wto 3 months are
pmuu‘-a in Table-fa and by Appendin-Vei=B for one
aRd twe year cuttings, respectively, (Fig. 4).

Pexusal of the data shows that treataent T,4,
gave significangly moxe rooting in eomparison to other
treatuents except T,, Too Hend T,. No significamt
differance was found among Tyg) T To, B and Ty T,

Tor e Ty Thge Tpo Ty Tyo Tyeand T, ard Tyg 9 Ty, Tl
T19 » Tyo Tge Ty Tyy0 Tpe oo T Tge Tige Tyge Ty
Tie* N1 and Nq. dimilazly Ty and T, cave significantly
more moting mxept Ty g, T and Te which are not
significant asongst each ether, (Tahle8a),

A perusal of the data showed that ir case of two
yeoar old cuttings 'l, gave .Y sigaificantly more rooting
as compared te the other treatment except T, ud@} ™he
moting of T, o, Tge Ty and T, Wreatasats were fommd W be
initiate more reoting SheR To,Ty,TyeTy 0Ty TyorTgrTige Tagy
Ti4*Tie’ T1g NG Ty treatments, Treatments 2,,T, aad Tj, )
10, 7, 7 70 T Ty a1y TTTLT, T Ma Ty T,
Ter Tio A Ty TyeTior Tgr Ty3 W6 Ny Tior TpeTiyeTyy @4
Ny T T3¢ Ny Tige Tige Tig % Tyy vere fomd to be
non aignificant smong each ether,
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Iable-Sa

Bffect of different plant regulasor treatments on rooting
of 1 year cuttings.

S —— A ——

Treatmen T Nean Bat Rooting
. ( ) year) Diagram  percensage

e

S ———

13.33
7 .33 8,86
fo ’ 1. ” 1 ) 9.86
T, 1,00 ‘ 6, 66
T, 1.0 j - 6,66
| | 4.40
Ty ENES 4.40
s 0. 66 1 4.4
Ty o, 66 L 4,40
| | 4.40
"‘ , ‘oo& | . | -
T, ) .33 ; 2,20
N v . . . 4 '3 » 2.”
Te Q.33 R »
L A ‘ 0, G0 ' 0, G B
Q.90 0,0
' 0,00
T 2,00 0, 00
o = 0.0
‘l“ N b | o
Tiq 0,00 - o.m
-’11 o, Q0 *
- o - 0, 647
&5 (aaee.) o e
€l (0, 08) .

e
- S e o e —
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Dbl o=k

Bffecs of differsnt plant regulator treatments on wosing
of J=year cnungn.

T R
P ——

75 7.0 46, 66
%, s.001 40,0
7, 6, G0 40,00
7, 4,66 | 31,06
X ‘.“ k 31,06
" _ “. 33 18,88
.,‘ 4‘}, 5 ¥} _ : 28.88
T LT —  4.00 ; 26,66 -
L o 4.00 ' : 26,66 -
7, 2,66 - 24.40
", nes - 17.73
v as  ffy 15,53
2, 2.00 N 13.33
Ty .33 , k | 8.86
L 1,0 | ! 6. 66
7. 1.0 ' 6. 66
7, 0,66 } 4,40
e Q, &6 "; 4.40
12 Q, G l 0,00
2y 0, ® ; 00
""'dt!!. ) < o, 565

€. (0, 08) 1. 456
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The aforesaid observations indicate that higher
rooting response to plant regulator treatment was shown by
2 year old branch cuttings than by one year old branech
cuttings,

Reference on similar studies could not be ugvail=
able in the literature but some studies have been made
on rootingy response of cuttings with agc' of the mother
tree, Age of the trese greatly influences the rooting,
Jusufer (1965) reported that the rooting response of
cuttings decreases with the Qge of mother tree,
Marcavillaca and Montaldl (1963) working with Eucalyptus
found that cuttings taken from old treem did not root
at all, Nelson and Pepper (1966) attributed higher
rooting of juvinile cuttings to higher content of co-
factors, It was considered that water soluble growth
inhibitors accumulate with age and prevent old cuttings
to xoot, Besides age, the other factors like the
nutrient status of the cuttings, tissue characteristics,
growth prxomotors and inhibitors all atffect the differenti-

ation of roots,

In this study maximum rooting response inspite of
all treatments was limited to 46,66 per cent which can-
not said to be a successful operation, The shyness of
Meringa cuttings to root satisfactorily may be attributed
either to mechanical barrier, inadequacy of endogenous
auxins, inadequacy of nutrition or to the presence of

inhibitors, Neverthelass, further investigations are
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required to be carried out to improve the success of
branch cuttings as a vegetative method of propagation
in shis qeﬂ..l.

3, AIR LAYERING
OCheervations an rooting of layers were recorded
upto 90 days after 4ir layering. The results are
samarised in Table-9,
Iable=P

Bffect of different plant regulator treatments on rooting
of alr layers of Moxinga oloifery Lam,

Treatment Rooting percentage
IBA 5,000 ppm (7)) 5.0
seradix B ( T’) e, 0
Rootone tr,) Q,0
Control (ro) 0,0

N~ S— R

The results indicated that thers was no rooting
at all in the untreated layers (control), as well as in
those laysrs which were treated with commercial fomula~
tions (T, and Ty)s Very little success (5X) was
obtained in the air layers treated with IBA 5000 ppm (1),

- Rao (1953) has imdicated the possibility of propaga-
sing Moxinga gleifers By air layeriag but im tiZ stadies '
& VeXy poor response wa® obtained by this method, There
is, however, tendency to foEm r00ts whea induced by a
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growth regulator (ISA 5000 ppm inm lagouu pases)
but this needs further investigations 0 prove

the success of this method, Quite possible use of
Ribher concentrations of IBA oF any other growith
regulator which have not beem tried igml mauprgenll
in greatsr suecess of this method,



SUMMARY AND CAOICIUSI (NS

The present investigation on the standardisation
of propagation techniques nf Moringa pleifera Lam. in
sub~Himalayan region were carried out in the Dpartment
of FYorestry, Himachal Pradesh Krxishi Vighva Vidyalaya
duxing 1978-79, The prxvpagation by means of seeds, branch
cuttings and alrx layering were tried, e results and
econclusions drawn are summarised belows -

= Freshly extractesd seeds were stored in four
types of containers vis., open tray, alr
tight gia, gunny bag and plastic jazr, Hghest
gemmination percentage (60%) was shown by the
sesds otored ia plastic jar, but the dfference
batween the containers was statistically
non=-aigal ficant, 7Thus seeds canh be atored in
sny of the above four types of containers at
SOOm temperasure,

2= ™He seeds sown after ohe moath storage (July)
gave highest geammination (60%) as compared to
two months (August, 48%) and three months
(September, 7,5%) storage period, e gemmination
percentage goes o declining progressively
with increase iR storage period, iii MOKIAGE
glaifera seeds should be sowe 4n July and should
R0t be seored for a period of wore tham two
moRths i£f satisfactory germinagtion is to be Aesired,
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Freshly extracted geed sowm in July within one
month of the harvest registered a gemmination

of 64 pex cent, Emergence of seedlings ccmenced
oR lath day and continued for about 30 dayc aftery

sowing.

The seeds pre~treated with hydrochloric acid

(0,1 wo 1%) registersd a germination perceatage
of 0,0 o 14,41 in comparison to 46,84 and

50, 44% gemination registesred by pre=spaking

of seads in water for 24 and 48 hours respectively
he wntresated seeds showed highest germination
percentage (64,86, e mcrested seeds also
showed maximum height and disneter growth of
seedlings, The seeds of Sohanina should,
therefore, be scwn as such without glving any

pre-treataent,

Sowing of Moringa seeds at 5,10,15 and 20 mm

soil depths showed that both shallow as well as
deep sowing apprecially decrease the germination
pelicentags, The optimum depth fof sowing the seed
was obeerved at 10 am,

One and swo year 21d branch cuttings (30 cm x 0,75
w 2,00 om) failed to form roots wvhen planted

during MAREOcR OF winter secascof, The best time

branOh euttings with IBA (50 ppm, 24 hours)
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induced higher rzooting (43,60%) as compared to
wtreated cuttings (21.46%), Hence to achieve
better success, the cuttings of Sohaning should
be ploilid only after pre-treatment with IBA,

Two year olad cuttings were found o give a higherx
response (46,66%) of rooting with IBA (50 ppm for
24 hourxs) as compared to GRe year old cuttings
(13.32% with Seradim~B), Thus for vegetative
propagation of MOXiNGA two year Cuttings must be

 preferred %0 one year old branch cuttings,

AlT layering was not found 0 be a successful
method of vegetative propagetion of this species
and a vezy poor (5%) response was racorded in
this method after tresatment of layers with IBA
5,000 ppm in lanalin paste, More studies |
invalving other atrx layer inducing homaones are
fegquired 0 be conducted for achieving more
success ia this method,
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Malysis of variance of data on the effect of storage
container on seed gerxminations,

— -

vari st Calcul ated ‘hbullf.@ )4

7 value
5% 1%

Replieation 2 66,67 33,338 ©,2727
Treatment 3 466,67 155,556 1.2727  4.76 9,78

Brrox 6 733,3 122,22

B2 IR

.

L T = e N ——— gt

Non significant at 5 per ammt level of sigaificance

APFRNDLX-E B

Analysis of variance of data on the effect of storage
period on seed germination.

A —————

Sourace of Calculated Tabulated ¥

vaxiation ¥ value value at
5% ' 1%

-Replication 3 732,917 250,97

Treataent 2 022%34,.17 21127.08 1312,99** 3.14 10,92

Errox ¢ 1121,833 ‘186.'1

SS——

“¢ significant at 1% level of significance.

e )
| 17455 I o




APPEMDL XXX A

Analysis of variance of data on the effect of pre-sowing
treatments on seed gemmination,

sSource of 8.8, M, 8, Calculated ] Tabulated
variation ¥ valae

5% § 1%
Replication 2. 55,998 | 27.999
BIEOR 12 1565, 336 130, 444

"% significant at 1 per cent level.

APPENDI 6=XX B

Analysis of variance of data on height groweh of seedlings
atver 3 months,

Source of d.f, 8.8, R,8, aleulated §Tabul ated
varisnce valae

Replicatsion 2 4,98 2.49 O, 5452

Treatment é 349,69 S8, 202 12, 7626** 3,00 4.82
arreor 12 54.80 4, 5666

g T e e ey

“e® gignificant at 1 per ceat level



ARPINDICLL ©

Analysis of varianee of data on the dismetsr sise of the
seedlings after 3 months, -

Source of a. £, 3.8 M. 8, Calculased § Tabulated
variation ' ¥ value

L _—= = S

Beplication 2 c, Uik Q, Q60
Treatnent 6 0, 9489 Q,15819 13,357** 3,00 4,82
Error 12 0,142 - 0,01184

—— g ————

*¢ gignificant at ) per ceat level
APPINOLX-IXT

Malysis of varignee of data on effect nf depsh of sowing
oa seed gammination,

Source of d, £. 8.8, M.8. ] Calculaged ul aged
variasion F value v

% %
Replication a 54.17 27.085% ° 7647
Treatment 3 1450,00 433,33) 13,6472 4.7¢ 9.78

Brrox 6 212,50 35,416

*2 gignificant at 1 por cemt level,



ARPENDE =LV A

Analysis of variance and covariance, table,

Replications 2 0,43 0,3 0,23

Treataent b § 260,32 57,46 18,93 13,70
) - ' 28, 54** 1:8C 241

Zrror 38 18,23 11,69 11,77 0, 48

. AT

** significant at 1 per cent level of significance

ARPENDL X IV R

Analysis of varianae of ¥ (2 yr, Jo

Bnm Oi
'm.um d.!. s. s. . u. so

Regression } 3 11,61 '
11.“ “. 5" ‘,'ip 7‘38

Exror 7 6,62

—— - ——

** significant at i per ceat level of significance,




APRNDLA-LY C

Adjusted 8.8, and analysis of reduced variance

Vaxiation re
0.08 ] 0.0
Treatment 19 116,17 6,13
33, 7" 1:87 Q.41

ol Significant at ) per ceng level of significance,



APPRNOLXIV D
AMjusted treawaent mean,

= A ———

N ——

Treatment XI Xi=X(0,54) byx(Xi-X) Y& Adjusted mean

Main -
‘m. 99) Var- a.ﬁ-b(n-la

iate
i —
To 1.33 .79 .78 4 3.72
7 1.33 Q.79 0,78 4.33 3.55
7, Q.33  «0,2) -9, 21 4.33 4. 54
T, 0, 66 .12 0,112 3. 66 .54
T, 0.00  -0,34  <0,5¢ 2.33 2,97
7y 0,68 Q.12 0,12 4,00 3.88
Te 1.90 Q, 46 0. 46 6. 00 5e 54
L .00 .46 046  7.® 6, 54
0,00 0,84  -0.34 .33 1.7
Ty 0,66 0,12 012  4.66 454
To 33 =021 -0, 21 2,90 2,21
T, 0, 66 0.12 .12 2.66 2,54
1, 0,00 0,54 «0,5¢ G0 0,54
Ty 0,00  -0,5¢  -0,54 1.® 1.54
T4 .00 0,54 «0,34 0,68 1,20
Ty 0,00  «0,34  «0,54 1,00 1,34
Tie 0,00 «0.34 =0.34 0,68 .20
LY 0@  -0,54 0,84 0,0 &%
Ne 2.9 .46 .6 6,00 454
o 0, 66 0,12 0.12 .66 4,34




APPEMDLX-EN A

Analysis of variance of data on the effect of different

plant regulation sreatments, on rooting of one year old branch
custings.

Bouree of 8.8, M.8. Calculatsed | Tabulated
variation F value ¥ value
5% L 1%

Replication 0,23 0,12 0, 40
Treatment 19 18,93 o, 99 3, 33*" 185 24l
Errox 38 11,77 0,320

Lo ———— S —— - P

Ll lmucut at 1 per cent level of significanae

EDILY- V B

Analyais of variance of data on the effect of Alfferemt
plant nguauon treatments ok oting of 6wo year old

Treatment 19 260,32 13.70 28,54%** 1.8 23.414
Exror . 38 18,23 0,48

*t aignificant at § per cent level of significance,



APP ENOT X VX

he pM of soil eollected from various localities,

Locality pH
MIQQ" a.o
(Prom tree base) .0
8,0
Gembar (ARk) 8.0
(Pxom wree base) ;
- .8
s 8.0
Knalwo (solan) 7.8
{ Prem Rumq beds) d
8.9
8,0
Hihazt (Bilespur)
8.0
7.8
(*oom tree bage) 8.0

8.0 - Yo7°0L hlaaty

! 8.0 = Foregty an ol Loy

N

H.P X VY.V. LIBRARY, SOLAN “
ace. w3 [TASS...orJLILSS!
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