Ph-aAx - 3:}1{5 5. 399
Sgro

USAID Reseurch Gruang?gzzy in vitro Propegation of Clove
N

w.d Nutwegp (1 e
- t
. ,“, ‘.“ !\\“ ,r I, \»J(

Progress Report

llulf-yenrly report

(a) Report for hulf-yeur 10 Aug luss -
(b) Grantee: Mr Yoall b Yy pd Bgndara
(¢) Grant Nos 5: 399

(d) Title of rrojects iw viiroe propubublon Lol clove S8
(e) Dute of uward of grant Ly NAlwSA: 10 Aug‘lddpa 'ffﬁy
(f) Description of work done during hulf—ycur m~u»b*’
Laborutory studies:

Nutweyg shoot tip culture,

Explunta were tnken frow 2-ye¢ar old, greenhouse-miintained, regulurly
pruned nutweg plants, sﬁﬁ}igcd, und pluced in un uppropriante wedium,
All cultures were muintained in un incubuter with upppopriate
illunination,

Culture estublishment, sprouting of uxillury buds, growth belaviaur,

callus formution, rooting und physicul changes were observed,

Shoot-tip culture of Allspice.

Shoot~tips were obtuindd frow 2—month-old pluuvs, steriliged, und
cultured us uhove.

Culture catablishment, sprouting of axillury and terwinal buds,

cullus furmubiun,nud other physiologicul changes were observed.

Nutmeg leaf cultures.

Explants were tuken I'vrom young leaves, sturilﬁacd, und culvured
as ubove..

Callus formation, type of cullus, ty.e of root, number of roots

per explunt and root lengtlh were observed.

In all cuses, the effeeis o ditlerent horwones, sepurntely und in combi-

nution, on bud hrenk anmd hod growth and reoting ability were observed.
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Attempts to culture shoot~tip explunts frow wature field-grown

trees of allspice und from other aembers of the Myrtuceue (Eugenin

mallagensis) and legves of Cinnwwomun enssia were unguccessful,
———cfo8usls

Dyta collecteds 4 lurge volume of data: was collected from the

above experiments,

(g) Is the work on sahedules yes

(h) Plan of work for the next half-yaur; continuation of present
Qork, triuls with seedling materinl angd young plants of nutumey,
trials with elove.

Any other remuarkss

During this period Mr Yupa Bundaru ptiended o Tissue ahd Cell
Culture course in Tennessee, U,S,A, Theve wuB instruction in
both theory und practical work, and he found it very useful,
lle ulso participuted in 2 conferences; (1) on Tissue Cul ture
Propagation of Horticulwvural lplants ot Beltsville, Murylund, U.s.4.
anériho first Inmternctional Conterence on olecular liivlogy at
Savannuh, Georgin, U.S.A. tere hLe had the oprortunity to weet

some ewinent workers in this field und discuss lis work wivh thew,
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Title of Projeot: In vitro propagaties ef oleve and nutmeg | v '
Brief statement of the methodolegy that was uped:

NUTMEQ

A) Experiments with in vitre multiplied sheots

Experiment Ne. 1

w Objective: To find out the hermonal requirement to achieve optimum

proliferation rate.

Method & Materials: In vitro grewn, randemly selected 1 om long sheot
pieces-was used for this study., Prepared medium
contained the range of concentration of Benzyl-

adenine as 0' 005, 1.0. 1025' 105' 1.75' 2.0, 2-25’

2.50, 2.75, 3.0y 3.5, 4.0, 5.0 mg/1.
Results: Table - 1

Average no. of axillary bud production
per 1 om shost piece in medium contain

various conoentrations of BA

BA o/l No. of axillary buds
. . 0 (o]
© Augs 0.5 2.2
\ ’9871.0 2.0
1.25 2.2
1.5 3.0
1.75 2.2
2.0 145
2425 1.2
2.50 1.0



BA 1 Ne, of axillary buds
2.75 «80
300 .80
3.5 0.8
4.0 0.6
5.0 O.4

THe medium centaining 1.5 ag/l Bi gave maximum mumber of axillary buds
per stem pisce.

Experiment Ne. 11

Ob jeotive: Selection of the appropriate pertien of the shoot which regenerates
to give the maximum number of axillary buds.

Method & Materials: Four numbers of one om leng sactions of shoot pieces were
taken from single in vitro grown shoots leaving out 1.5
cm from the apex and individually labelled (131, 2nd, 3rd,
and 4th) and placed in medium containing 1.5 mg/1 BA.

Treatments were repliocated five times.
Results: Table ~ 11

Production of axillary buds from various
portions of the shoot tips in medium
containing 1.5 mg/1 BA

Length frem the apex Average no, of axillary
buds proeduced
1-5 - 2.5 om 3.4
2.5 b 3.5 om 4.6
3.5 = 4.5 om 1.6
4-5 - 5.5 on 008

Secend portion from the apex shewed the highest number of axillary buds,
and the firat portion showed second highest.

Experiment No. 111

Objective: To find out a suitable transferring period.

Matorials & Methods: Ten numbers of shoot tips were allowed to grow in
medium containing 1.5 mg/l BA and individual length

was measured at weekly intervals.

ieaults: C(rowth rate showed normal sigmoidal carve.
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Experivent Re. IV
Objective: Te find out a suitable medium for reest initiation and elongation

Materials & Method: In vitro grewn absut 2 om leng sheots were placed in
medium oontaining oonoentratiens of I BA er NAA with or
without 2% charceal (0, 0.2, 0.5, 1.0, 2.0 mg/1).

Number of roots initiated, length and physical characters

were recorded.
Results: Table ~ 111

Effeoct of auxins and activated charcoal
on rooting of nutmeg

Without Charocoal With 2% Charooal
Auxin S;::m:;?; z:;utomlm_ No;o:fn ;1}::;}1 122;11 o :Zots R°°‘c§,°"”"
om om
NAA 0 2.9 N1 - 3.2 3 2.14,2.0,3.2
0.2 2.8 Nil - 2.9 2 (Thick) 2.2,1.2
0.5 1.2 Nil - 2.2 1 1.1
1.0 1.3 Nil - 2.9 2 (Thick) 2.8,1.6
2.0 1.6 Nid - 2.5 2 (1 Thick)1.6,1.8
IBA'«, 0 1.5 Nil - 1.7 1 0.8
0.2 1.5 M1 - 2.8  4(2 Thick) 2.3,1.9,1.5,
0.5
0.5 2.4 Two  0.78,0.58 1.5 1 0.9
1.0 2.8 Ml - 1.9 1(Thick) 0.5
2.0 2.6 Wil C- 2.6 1(Thick) 4.9

Jetter root initiation and elonration was seen in medium with charcoal %

aither HAA or IBA.
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B)

Experiments with shoot tips from Matale Research Station, about seven
Year eld plants,

Experiment No. 1

M jective: To find out basic hormonal requirements for establishment,
proliferation and rooting.

Materials & Methodss Shoot tips about 2-) om long were introduced to medium

containing all possible oombinations of Ba (0, 0.5, 1.0,
2.0y 5.0 mg/1) with NAA (0, 0.2, 0,5 mg/1)
Results: Showed respense quite different from earlier (see report, 1986
first half year), Axillary bud break and very slow growth

observed in medium containing BA 2.0 with NAA 0«5« But axillary
bude didn't groew further,.

Experiment No. 11

Objective: To find out the effect of GA3 fer bud elonsation.

Materiales & Method: PFive concentrations of GA3 (o, 0.1, 0.2, 0.5, 1.0 mg/1)
were used for this study. Bamal medium selected was
Anderson's with BA 2 mg/1 and NAA 0.5 mg/1. Results
as in above experiment.

Hesults: No elonration obgerved in any of the combinations. These experi-

ments will be repeated using lower concentrations of GA3.

C) Experiments with rrafted plants

Zxperiment No. 1

Cbjective: To find out basic hormohal requirements for establishment,

proliferation and rootinge.

FMaterials & liethod: Prepared modium with all poseible combinations of
BA (0, 0.5, 1.0, 2.0, 5.0 mg/1) with NaA (0, 0.2,
0.5 mg/1) and intreduced GA3 pre-treated shoot tips,

Results: Trial is continving

sxperiment No. 11 — Leaf culture experiment is continuing

D) sheot tips directly from mother planto

m{rkeult to astablish in nelium, main reason beiws the larie

amount ~ contaminant .



A)
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CLOVE

Experiments with 1-2 month old seedlings.

Experiment No. 1

O jective: To find out the basic hormonal requirement for establishment.

Materials-& Method: Prepared medium with all possible combination of BA
(0, 0.5, 1.0, 2.0, 5.0 mg/1) with NAA (0, 0.2, 0.5)
and introduced shoot tips about 1-2 montha old.

Results: Successful ectablishment was found in medium containins 2 me/1
BA.

Experimonts with 2 year old seedlinss.

Shoot tips were introduced to
15 possible combination of BA and MAA but failure to establish.
Cultures gradually turn brewn and finally dead.

Experiments with shoot tips directly from mether trees.

Introduced four different stages of cluve shoot tips i.e.

i Actively growing shoot tips

)
ii) Induced shoot tips
1i1)
iv) 'Bormant shoot tips

Shoot %tips with two green leaves

to the medium contained 15 possible oombination of BA and NAA.

Results: G(bserved only dormant buds.uare alive for a maximum of 7 days.

Experiment with Epicotyl/Hypocotyl/Cotylodone of Clove

apiootyl and hypocotyl segments were introduced to medium containing all
possitile combination of 2,4 — D (0, 0.25, 0.50, 1.0, 2.0, 5.0 mz/1) with
xn (0, 1,0, 2.0, 5.0, 10.0 mz/1)s All treatments were kept in dark.

flosults: Exporiment will continue.

<onclusion drawn from tho work.

lutmer; juvenile
1. Andervon's medium with 1.5 nw/l BA showed optimur proliferation for

the 1n vitro grown nutwe:s cultures., sig. 1
“+ Juitable tranaferrinr period was found to be 3} . 4 weeks.

« The cpoot portion of 2.5 tn 3.5 cm from the arex produced maximus

nuaner of axillary buds, io. 2



4. 1IBA er NAA with chsrosal produced roots,

Clove - juvenile

1. Juvenile shoot tips of cleve could be established in Anderson's medium
with 2 mg/1 BA. Fig. 3

Clove —:'Adult trees

1. Comparatively dormant shoot tips showed 8lightly better establishment
than actively pgrowings and induced shoot tipas. l'ig. 4

Is the work on schedule? Yes
Flan of work for the next half year:

Nutme'

a) Experiments will be ocarried sut to compare the rate of multiplication in
80lid medium and liquid agitated medium.

b) Rootins ability with Plurogluocind will bs evaluated.

¢) Tests will be carried out to select best potting medium and acolimatiza~
tion condition.

d) Investiration of the possibilities of production of sematic embreyos,
throush cultures of epicotyl/}\ypocotyl sections in appropriate medium.

e) hore experiments will be done with mnture/grnfted materials,

Clove

a, Optimum rate of proliferation, transierring period and rooting expori-

ments will be examined.
b} FProduction of plantlets through leaf and anther filaments will be examined.

c) lore experiments will be done with mature materials.

Anv other commenta: I am experiencins lons delays in the supply of chemicals
and equipment from foreign sources, and tiiis ia affectins

my proscramme adversely.
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Fige I - Proliferation of nutmeg cultures in
Ander:ions's medium with 1e5 mg/1 Ba

#ig. 2 = The shoot portion of 2.5 to 3.5 cm from the
apex produced maximum number of axillary buds
in Anderson's medium with 1.5 mg/l BA



Fig. 3 = Clove shoot tips established in Anderson's
modium with 2 mg/l BA

Pig. 4 - Very few numbsr of cultures establishod vwith
respect to shoot tips Lfrom mature clove treces,



o7 _\J Irjt,_
MYV p% > f\t%“ s .
ENM\L“ e M) 7//( _.;/4},51‘;\/1

COoe o) VAR

.r (—3 (:_f)n)‘ N
ISRV ﬁ(’/’///r'\,})w‘/ e / 5 %

PROJECT t IN VITRO PROPAGATION OF CLOVE, NUTMEG
AND CINNAMON

PRINCIPAL t Y.M.H.B. Yapabandara

INVESTIGATOR Plant Tissue/Cell Culture Laboratory
Minor Export Crops Reearch Station,
Matale

nutmeg and allspice., All of these spices are known to be
recalcitrant and dificult to regenerate from cultured tissues.

degree of determination, Mr. Yapabandara has demonstrated

that it is feasible to regenerate whole plants from cultured

shoot apices and nodes of nutmeg and allspice. He has established
the protocols for stimulation of axillary bud proliferation

in vitro in similar cultures of juvenile material of nutmegq,
allspice and clove, Although he has not yet been able to

repeat this controlled pattern of development with clonal
selectiqu, he has establish?d the basic parameters for the
procedure and has demonstrated the potential for micropropaga-
tion of these three spicies,

On the basis of his accomplishments to date, 1 strongly
recommend that Mr, Yapabandara should publish the results
of his preliminary studies involving the use of juvenile plants
as explant sources, This work is of sufficient quality that
it should not be difficult for it to be accepted and published
in a major, international refereed journal, As Mr. Yapabandara

has accumulatag more data in his studies with nutmeqg, this

resecarch could probably ba presented in "Plant Cell, Tissue
0L tell, Tissu

and Organ Culture”. The studins involving allspice could

be written as a short comnunication for "Horticulture Science",
— 25 1

After wﬁqlghglgﬂﬁjwhrve Eggnmsggencrated Erom cultured model

segments of juvenile clove. This research can 2150 be published.
=15 resea L

Since uone of the published articles will appear in the journals
for at least a Year, and since the techniques do not describe

procedures that aro appropriate for mature, clonal tree selections,

Re'd in so1 AUGR 7
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Mr. Yapabandara will be able to ensure confidentiality of
his current studies involving mature tissues as explants.

At this time this project is attempting to transfer
the information that has been gathered using juvenile, i.e.,
embryonic and young seedling tissues as explants to the more
important and ‘more difficult problem of regeneration from
explants of mature trees, i.e., trees at the flowering or
mature stage of development. In the transition from juvenile
to mature phases of development, the vegetative growth of
trees becomes fixedly determined along a specific pattern.
As the age of the tree increases, this pattern becomes more
difficult to reverse to a more juvenile or plastic developmental
pattern. This problem, as it is expressed in vitro, is the
intransigence of excised shoot tips from mature trees. These
explants, unlike comparable explants from juvenile or embryonic
sources, do not readily respond to growth regulators which
stimulate axillary bud proliferation or subseqguent plantlet
regeneration. The problem has been defined as the ageing
of plant meristems. Mr. Yapabandara must now face this problem
with clove, nutmeg and allspice. 1Is it possible to reversae
the natural ageing of meristems in these spices? Is it feasible
to induce this phase change in vitro by manipulating the growth
rngIbtors or is it necessary to stimuiate juvenility in mature

trees by.other means?

During the next phase of his rescearch Mr. Yapabandara
must address this question in order to develop alternative
propagation methods for spice trees. In discussions with
him, we have concluded that certain experiments should be

conducted, and these are briefly discussed and justified.

Nutmeg - Explants from mature trees, including fairly large
nodal cuttings, have not survived in vitro. Theraofore, it
may be necessary to manipulate the stock plant trees in order

to induce a degree of phase change.



1. Using mature scion material grafted successfully
onto seedling rootstocks, the scion should be hard pruned
to permit vigorous growth as close to the graft union as possible.
The newly formed vegetative shoots should then be regrafted
onto seedling rootstock. This sequence should be repeated
indefinitely. The new growth, after each regrafting cycle,
should be tested for the in vitro response. Re-establish ment

of juvenility in the scion can be measured by the successful
establishment of nodal cultures in vitro and by the ability
to_induce rooting of scion cuttings. It is obvious that this

study will be labour-intensive and will require considerable
plant material, bath seedlings and scion cuttings at the outset,
and seedlings at appropriate intervals during the course of

the investigation.

2. It is possible that the stock plant can be mani-
pulated in other ways. For example, the cut end of detached
14 foot branch terminals can be inserted into dilute nutrient
solution containing benomyl for several days. The foliage
should be sprayed at 2-3 day intervals with benzyladinine
{approx. 100 p.p.m.). After determining the maximum period
of quVival under these conditions, remove nodal sections
at intervals, and culture in vitro on Anderson's medium

containing 1.0 - 2.0 mg/liter benzyladinine.

3. A method for rejuwznation of plant material that
is being used increasingly involves the technique of micrografting,
Nutmeg seeds should be germinated under sterile conditions
in vitro. Similarly, nodal explants from mature plants should
be conditioned in vitro. After seeds have germinated the
seedling should be decapitated below the cotyledons. Using
a simple Cleft~type grafting method, the conditioned shoot
tip from the mature tree should be inserted into the prepared
hypocotyl. 1If the micrograft is successful, juvenility in
the scion will be expressed as the increased rooting potential
(in vitro) of cuttings from the scion. Repeated or segmential
micrografting of the established scion onto in vitro grown

seedlings may be necessary.



Because it is possible that rejuvenation of nutmeg
may be unsuccessful, it is important that other potential
regeneration pathways should be considered. in particular,
somatic embryogenesis should be attempted because it may be
the only pradtical alternative and because, unlike shoot tip
cultures, somatic embryo derived trees will possess more vigorous
root systems that would enhance tree survival under conditions
of extreme water gtress. Accordingly, we propose that certain
research approaches should be followed.

4. Somatic embryogenesis has been described from
2 types of tissues from mature trees, i.e., very young leaves
from new vegetative flushes, and from the nucellus. Because
of the relative simplicity of studies involving leaves as
explants and because of their ready availability, the possibility
that somatic embryogenesis can be induced from young leaves
should be pursued vigorously. Mr. Yapabandara has already
demonstrated that callus and root regeneration is possible
from fully expanded nutmeg leaves. Since partial regeneration
of this sort is associated with the transition of the explant
from juvenility to maturity, it is important that newly emerged
ledbes, prior to expansion and prior to the stage of develop-
ment when anthocyanin pigments predominate, should be utilized.
Leaflets should be no more than 1.5 ~ 2.0 cm, in length. '
Since internal fungal contamination may be problematic, prior
treatment of whole, intact leaves in benonyl solutlon should

be considered.

Leaflets should be cultured on a low salt medium
such as B5 (Gamborg et.al) containing benomyl. The final
culture medium for induction of possibly embryogenic callus
should consist of BS with 60 g/liter sucrose,, 400 mg.liter
glutamine, 100 mg/liter ascorbic acid and 2,4-D together with
kinetfin, each of which should be used at 0, 0.5, 1.0, 2.0
and 3.0 mg/liter in all possible combinations. This procedure

has resulted in embryogenic callus production from mature leaves.

s



of coffee (Sondahl et.al,, 1977), soaphiit (Desai et.al, 1986)
and longan (Litz, 1987). Embryogenic callus should be recogni-
zable after approximately 3 months.

5.~ The nucellus of nutmeg may also provide an emyryo-
genic explant and may be a practical approach for regenerating
nutmeg. It is important for this pattern of embryogenesis
that the ovule should be relatively large, and easily extracted
from the immature fruits. Tt is equally important that the
stage of ovule development should be followed closely, because
the nucellus deteriorates as the zygotic embryo increases
in size. Accordingly, the stages of ovule development up
to an including that stage at which the zygotic embryo occupies
no more than 1/3 - 1/2 cf the ovule cavity should be identified
and those young ovules used for nucellar culture studies.
The condition of the endosperm is also an important determinant
and should still be at the liquid phase of development.

Entire fruitlets of the appropriate developmental
stage should be surface-~sterilised in a strong (20-30% v/v) !
commercial bleach solution. After washing with sterile water,
bisgct the fruitlet and remove the ovule. Bisect the ovule,
remove and discard the zygotic embryo. It is probable that
removal of the mucellus will result in increased polyphenol
oxidase activity and death of the tissue. Thercfore, the
2 ovule halves should be left intact. Tt is advisable that
initially the ovule halvas should be cultured in liquid plant
growth medium in test tubes in the dark in order to suppress
blackening of the tissue. The medium should be BS5 containing
30 g/liter sucrose,10% (v/v) filter-sterilized coconut water,
400 mg/liter glutamine and 100 mg/liter ascorbic acid. After
1-2 weeks, the ovule halves should be transferred onto solid
medium of the same composition, but which contains, in additien,
0.5-2.0 mg/liter 2,4-D and 0.7%. The ovule halves should
be cultured so that the nucellus is in contact with the solid
medium (The nucelluslines the embryo sac). If the medium

incontact with the explant blackens, the tissue should be



resituated on the medium. 1If nutmeg nucellus is embryogenic,
callus and somatic embryogenesis should be evident after
approximately 2 months.

Cloves ~ As we have discussed above (with nutmeg), nodal and
shoot tip cultures derived from mature clove trees have not
survived expianting. Any potential for manipulating stock
plants of clove in order to stimulate phase change from maturity
to juvenility must be limited by the sheer impossibility of
vegetatively propagating clove trees. Marcottage, grafting

and rooting of cuttings have met with little success with

these spices. Nonetheless, we feel that it is imperative

to exhaust all possible approaches for rejuvenation of clove
stock plants. Juvenile shoot tips and nodal explants appear

to establish themselves readily in vitro, and Mr. Yapabandara
has obtained axillary bud proliferation from these explants.

At this point, it is of crucial importance to induce adventitious
roots from these cultures in order to demonstrate if any clove-

juvenile or mature - has this organogenetic potential.

1. Most importantly, becausc coppicing has been
shown to be effective for stimulating dorment vegetative
buds from mature trees, shoot tip and nodal cultures should
be‘ﬁstablished from these plants. Because of various factors
that seem to interact and inevitably result in nodal explant
death, a modified experimental design should be adopted that
would permit the investigation of several growth limiting
parameters in a single experiment. Accordingly, a three
dimensional multi-factorial desiqgn approach should be adopted
to examine the intevaction of dark vs light growing conditions,
different anti-oxidants, ¢.9., ascorbic acid, PVP, activated
charcoal, cysteine, nitrogen (nitrate and amnonium) lavels,

salt concentration, explant size, sterilization procedure,ctec.

2. Although the probability of success would appear
to be low, micrografting of clove should at least be attempted.
If initial trials appear to be fruitless, this approaci should

not be continued,



Increased emphasis should be placed on attempts
to regenerate clove via alternate pathways, e.g., somatic
embryogenesis and organogenesis from different explant types.

3. 'Because somatic embryogenesis has already been
described from nucellar and/or integumental tissue cultures
of two other Syzygium species (S. malaccensis and S. jambos)
(Litz, 1984), the morphogenetic potential of clove (S. oromatium)
nucellus should also be studied. Unlike nutmeg, the seeds

of clove are relatively small, and ovules at the appropriate

stage of development for bisection and culture of the.nucellus

are very small. Generally, however, only a single clove ovule

is furtilized, whereas there are many ovules within a single
ovary. By carefully removing the unfertilized ovules under

sterile conditions and culturing them whole,it may be possible

to stimulate ths formation ui embryogenic nucellar or integumental

callus.

The procedure should involve the following steps :
Initially, it is important to determine the earliest stage
of‘fruit development at which it is possible to recognize
and excise easily the fertilized ovule. This ovule will appear
swollen. It can be cultured separately as the immature zygotic
embryo should be able uto form an embryogenic callus., Having
recognized the appropriate stage of fruit de velopment, the
fruitlets should be surface-sterilized, and the sterile fruitlets
subscquéntLy bisected. The mass of unfertilized ovules can
be removed with the blunt edge of a spatula, taking special
care not to slice or otherwise injure them, The sterile ovules
can be cultured on plant growth medium (B%) containing 10% (v/v)
filter-sterilized coconut water, 400 mg/liter glutamine,

60 g/liter sucrose, 0.5 2.0 mg/liter 2,4-D, 60g/liter sucrose
and 0.7 g/liter agar. The caltures should be maintained in

darkness.,

If the nucellus of cultured unfertilized ovules
or the zygotic embryo of fartilized ovules forms embryogenic

callus, it will burst through the delicate ovule wall. The

\



time frame should be 2-3 months. Because of the relative
ease whereby clove ovules can be excised and cultured, this
approach should receive a high priority.

4.. The induction of somatic embryogenesis from
callus derived from young leaves in newly formed vegetative
flushes should also be attempted. The same procedure outlined
in the nutmeg section (see 4 above) should be followed.

5. Other explants and the responses of these explants
to different growth regulators should be examined, e.g.,
cotyledons, hypocotyl, etc. 1t is probable that these.explants
will form embryogenic or organogenetic callus or medium
supplemented with 2,4-D and kinetin.

In summary, this project has made considerable progress
with tree species which have been recognised as being difficult
to propagate conventionally. The rescarch concerning nutmeg
should be published in an international journal as the studies
involving juvenile plants have reached certain conclusive

results.
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