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PROTOCOL OPTIMIZATION FOR IN VITRO PROPAGATION OF THE
ETHIOPIAN LOWLAND BAMBOO ( Oxytenanthera abyssinica (A. Rich))
THROUGH NODAL CULTURE

ABSTRACT

The Ethiopian lowland bambp{Oxytenanthera abyssinicA. Rich), is an important plant
in both rural and urban areas of Ethiopia havingrmay of uses ranging from construction,
furniture and handicrafts to food, bioenergy anddmmal values. The plant flowers once
after many decades and dies soon after floweritg. rEsulting genetically variable seeds
abort soon after fertilization and fail to sustdime generation due to short viability. Other
vegetative propagation methods pose difficultysitalelishment as well as management and
more terribly count their ages from their motheramis and die shortly. Hence,
micropropagation from seed grown mother plantsng of the way outs to overcome this
problem. The present study was initiated at theddat Plant Biotechnology Laboratory in
order to optimize in vitro protocol for mass propdign through nodal culture from one
year old bamboo plants grown in a glasshouse. Txgemments were laid out in a
completely randomized design with 30 observatiamals per single treatment. MS basal
medium was used for all experiments. After effmagisterilization that resulted up to
100% initiation without contamination, explants aubated in the medium supplemented
with 2.5mgl™* BAP resulted in 100% of initiated explants witfanr days. This treatment
showed other extra shoots of independent auxilargls sprouting from a single explant
that could incur effective signs of multiplicatioduring initiation. For in vitro
multiplication, initiated shoots were cut in to gths of 2 cm and treated with different
concentrations and combinations of BAP and Kinetim.the £' and 2 stages of
multiplication, MS+2.5mgl* BAP +1.5mgl™”* kinetin resulted in higher number of shoots
per explant (5.90 and 5.84, respectively). Howet®+1.5mgl* BAP +1.5mgi™* kinetin
resulted in higher number of shoots per explantshie 3° and 4" stages. In terms of
multiple nodes per shoot, PGR free medium was #s¢ &f all the treatments. For root
induction, shoots inoculated on full strength honadree medium developed roots (having
length of 7.3cm,>3 main roots and 36.7% rootingcedhcy). Addition of wide range
concentrations of IBA (0.25-45mid resulted in drying of shoots without rooting. kiVihe
exception of very high level of IBA concentrati®®ragl™), which showed little signs of
forced rooting, all rooting hormone treatments éail to initiate rooting. Remarkably,
straight acclimatization of the remaining percergagf shoots which failed to root in PGR
free medium and subsequent establishment by exroibting resulted in a survival rate of
43.33%, which increased the percentage of acclaedtplantlets at the same time. Hence,
in addition to the 83.3% rate of acclimatizationt@bed from the in vitro rooted shoots, the
overall acclimatization efficiency reached an oVkemurvival rate of 63.3%. Therefore,
utilization of this protocol helps to generate giag materials in large scale and in short
period of time at fair cost.

Key Words: Bamboogx vitrorooting, micropropagatiorxytenanthera abyssinica
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1. INTRODUCTION

Bamboo, a common name for about 45 genera and &lisfd@ species, represents
perennial, woody usually shrubby or treelike plaotshe grass family (Poaceae) and
Bambuseae subfamily. The main stem of the abovegrpart of the plant is the culm,
while the underground part constitutes the rhizand root system. Once the rhizome-
root system is well established, new bamboo shatitsn full height (6-8 m) and
diameter (4-8 cm) within 2-3 month (Ensermual, 2000). The bamboo plant flowers
towards the end of its lifetime (14 to 120 yearsame species) and then dies soon after.
For this reason, bamboo flowering is considered &lisease" by Ethiopians who live in
the bamboo growing areas. Ethiopia has two bamlpsriss: the lowland bamboo
(Oxytenanthera abyssinicA Rich)) that constitutes 85% and the highlandnbao
(Yushania alpingéK. Schum)) that covers the remaining 15% (KassaBRQ03).

Bamboo plants grow in tropical and temperate regiirthe world, being more abundant
in the former, particularly in Southeast Asia. Amling to Ohrnberger (1999), bamboo
species cover more than 14 million hectares of ,|&%d of forest plantations. Out of
these species, Africa possesses about 43 specmgeoi.5 million ha of land (Kigomo,
1988). Ethiopia has over one million hectares ohbao resources which corresponds to
two thirds of all Africa’s current resources in tBector and 7% of the world total.
Currently, our bamboo populations are in danger tduérastic drying after subsequent
flowering that could devastate the whole plant gstesn without regenerating in the next

generation (Kassahun, 2003).

In this era, where activity of human kind bringsnajor threat for the environment, it's
indispensable to cultivate plants that could havestantial roles for human welfare by
sustaining the environment and protecting climéange. For almost half of the human
race in the world, life would be quite differenttihout bamboo (Ramanugt al, 2008).
Bamboo is an economically important multipurposanpl It is a source for food, fodder,
furniture, building materials, paper, particle lhaenergy, and medicine. It also plays a
vital role in environmental amelioration, biodivigyspreservation, soil conservation and

waste purification (Rao, 2000). Bamboo has an ingmbrrole to play in restoring balance

1



to the planet’s climate system and reducing globafming. Bamboo absorbs 35%
more carbon dioxide compared to trees. It also £88% more oxygen (Segundino,
2010). The potential that bamboo products offerptomote income generation at
national and local levels has long been known amiostakeholders in many of the

countries of the world.

In Ethiopia, the use of bamboo is restricted tostaction, furniture and household
utensils. Although bamboo is not an integral pdrthe Ethiopian economy, it plays a
very important role socially, economically and egptally in areas where it occurs
naturally as well as where it is planted or useas@muet al, 2000). A number of tasks

are being carried out to use the huge bamboo resanrEthiopia and to get access to

local and international markets for bamboo prodgatsema, 2008).

Recently, bamboo products manufacturing workshepseapanding in big cities of the
country. The regional governments and city cousciticro and small enterprises
development offices as well as Forest ProductsiZdtibon Research Center are now
attempting to promote the development of smallesealterprise such as bamboo, wood
and metal sectors that do not require sophisticéetinology. The development of
bamboo entrepreneurship business in Ethiopia Ipasraising prospect in the future. For
example, the number of small-scale bamboo workslnggs increased from 10 to 58
within 10 years in Addis Ababa alone. CurrentlyAddis Ababa and other big cities
modern types of bamboo furniture such as sofa ghbéeds, tables, shelves, lampshades
and fruit trays are available in the market. Etraoptraditional restaurants and modern
recreation centers or hotels of high standard amgished with attractive bamboo made
products are marvelous places for cultural cel@maand tourist enjoyment in many
cities (Arsema, 2008).

Studies of the bamboo sectors in Ethiopia and Kesyang 1999-2001, funded by
INBAR and local institutions and conducted by nasibexperts, have identified a wide
range of differing production-to-consumption syssemand pinpointed possible
interventions that would promote the production amdde of bamboo products

(http://www.eabp.org.et/). There is high local amdernational demand for industrial



bamboo production. Yet, product diversification aradue addition are very limited in
the local bamboo industry. Knowledge on the postmti the various possible products is
still poor, particularly with regard to industrigbods and as an alternative material in
construction. Know-how transfer for skills developmh access to appropriate
technology and standards is needed. Altogetheenpats of bamboo production for
local construction and international markets remstill untapped. Most bamboo is
harvested from naturally occurring stands with miali conservation or reforestation.
Many species of bamboo are endangered because reésting and the lack of
knowledge on propagation methods and flowering robnfmost species die after

flowering) (Kassahun, 2003).

In most bamboo species, seed set bamboo is ayuEnt event on which, even if it
occurs, there is a need to wait from 10 up to 1&4rg. It is not only the deferment, what
makes it more worse and devastating is that, settithg in most bamboos is followed by
total death of all the plants, which might havoe thole ecosystem and lives dependent
on the plant. In the case of Ethiopian speciesydling in lowland bamboo seems to be
more frequent than the highland one. Accordingholbcal communities in the areas of
bamboo production in lowlands of Ethiopia, it floaweevery 30-35 years. These
phenomena were observed in the lowland bamboo tfmke$awe, South Western
Ethiopia, where the whole forest flowered and dred998 (Kassahun, 2003). Currently,
gregarious flowering of bamboos is causing toteatkleof the plants in Bensgangul
gumuz region (Demissew Sertse, Personal commumimatin addition to seed abortion
just after fertilization, short viability of seefisrther restricts the availability of seeds as

and when required for planting program.

On the other hand, the effectiveness of cuttingediablish themselves for vegetative
propagation is very low. Moreover, those converdigropagules of propagation count
their ages from their mother plant. This leads tsubsequent death of the newly
regenerated plants at the same time with their npackumps which can cause a
catastrophic loss of the plant ecosystem. Rhizoames offsets can be alternatives for
asexual propagation. However, in addition to thetage of land, planting materials and

time to obtain them, they are neither effectiveegeneration nor economical for mass
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propagation. They also count their ages from timeather plants to flower and die
shortly. Besides this, new bamboo plants cannot/ grom a clump unless and otherwise
the mother plants feed them till they get establisfGielis, 1995).As all in situ clonal

materials are at possible verge of losssitro culture may help in retaining materials.

Cultivation of bamboo could bring an economic bostthe local farmers as well as
commercially for investment. Hence, availabilitycpfality materials is a major input for
viable business from this sector. The traditionaltication system, with the natural
succession of the bamboo plant in the forestsemslering less income that could be
affected by genetic variability, unavailability seeds or planting materials. Bamboo
tissue culture could be a way out from problemseiated with propagation of the plant
using conventional techniques, and to promote dalisiness from this sector for local,
national as well as international market. AccordingGielis (1995) and Arshaet al.
(2005), tissue culture propagated plants have prdeeperform better than types of
planting resources like cuttings.

Research on the tissue culture of bamboos is fagbent except for the report by
Alexander and Rao (1968) on the culture of bambubrgos and their germination in to
plantsin vitro. Since then, protocols were optimized forvitro propagation of many
bamboo species of the world (Nadgt al., 1984; Kalaptaru and Mina, 2008)he
availability and presence of active meristematissue have been the primary
considerations for the selection of explants. Theplants which were used for
callus induction in bamboo are mature embryos, goufiorets, internodal
sections (including the intercalary meristem), &gv leaf bases, shoot tips

and regenerated roots.

In the case of Ethiopia, there was no attempt ntadkevelop a tissue culture protocol
for bamboo species so far. There is a huge theead on bamboo biodiversity due to
the current mass flowering and subsequent deatheokpecies at the same time. This
nation also needs to grip the income from the gvewing commercialization of bamboo
plantations and marketing of bamboo products. Qheeappropriate micropropagation

protocol is in place, activities can commence tgsnaropagate the plant in its ecology to



offset any decline that may occur due to the natigath of large population of bamboo
as well as gear inputs of solid business that ceatfy the ever growing national and
international markets from this sector. Therefdhe objectives of this research work

were:

General Objective

The general objective of the current study wasptiingze a protocol for

in vitro mass propagation @xytenanthera abyssinicA. Rich.

Specific Objectives

0 To determine the optimum concentration of BAPIffiovitro initiation
of O. abyssinicaA. Rich;

0 To determine the optimum PGR concentrations iforvitro shoot
multiplication ofO. abyssinicaA. Rich;

o To investigate thén vitro rooting response dd.abyssinicaA. Rich
shoots to different IBA concentrations ;

0 To evaluate the percentage survivalrofitro generate@xytenanthera
abyssinicaA. Rich plantlets after acclimatization.



2. LITERATURE REVIEW

2.1. World production and uses of Bamboo

It has been estimated that the combined valuetefrial and commercial consumption of
bamboo in the world is to the tune of US$10 billigmojections are that it will reach
between USD 15-bilion and USD 20-billion in 2017INBAR, 2011)(
http://www.inbar.int/index.ASP). China is by fdret largest exporter with 46% market
share followed by Indonesia (16%) and Vietnam (5Phe biggest importers are European
Union (29%), USA (18%) and Japan (10%) (Ramaeti@.,2008).

In addition to the environmental and biodiversignbfits, bamboo industrial operations,
with their superior strength, moisture resistance pest-proof properties will be useful as
building materials, automobile and railway carriageeriors and for packaging. School
buildings and tourist places are ideal for usingnbao panel products and flooring
materials and furniturdn Asia, bamboo is quite common for bridges, sddffg and
housing and production of boats, boards, doonsdive furniture etc. Bamboo for power
generation and biofuel could be practical and ecooal in some situations (Ranjan,
2005).

The bamboo products such as rayon, cellulose @bk pulp plants for export of high

quality bamboo clothing , bath robes, towels, balear, T-shirts, socks, jackets and suits
are being sold in high priced department storetheanwest at high prices. In Japan, a
bamboo fibre suit is sold at US$ 7,000. It lookslin China alone, there are over a 100
companies involved in bamboo textiles as evidermnead quick Google search. A sports
jacket in Toronto at Harry Rosen is going for C®,78iven its long history and expertise.

Bamboo pulp has other uses besides paper (Rametralja2008).

Many specialized items such as musical instrumerdsyated charcoal, surf boards and
pharmaceuticals have small but lucrative marketsta€Ets from various parts of the plant
have been used for hair and skin ointment, meditdmeasthma, eyewash, potions for
lovers and poison for rivals. Bamboo ashes are wgegublish jewels and manufacture

electrical batteries. It has been used in bicyctisgibles, windmills, scales, retaining

6



walls, ropes, cables and filament in the first fighulb. Indeed, bamboo has many
applications beyond imagination of lucrative indiadt applications (Ramanujat al,
2008). Last but not the least will be promoting bam for carbon sinks. Bamboo
plantations could be promoted to become part ofohad carbon credit mechanism to
benefit the country and attract investments. Bamhas several advantages over tree

species in terms of sustainability and carbon §adapacity (Jiang, 2007).

2.2. Production constraints of Bamboo

Lack of scientific methods for propagation and igalion, lack of post-harvest treatment
and technology for product development, inadequitmed workforce and inadequate
infrastructure for large-scale harvesting in therdgwf gregarious flowering are the most
priority areas that reduce the production (Kigor8607). The intriguing phenomena of
gregarious flowering indicate that it is not broughout by external factors but is defined
by an internal mechanism of gene activity. Flowgriwhen bamboo reaches a certain age,
and the regular fixed flowering cycles in certajpesies, indicate an age-related gene
activity. At the same time, it does not imply tratvironmental factors do not have an
influence (Gielis, 1995).

In Ethiopia, the gregarious flowering and eventleth of all bamboo trees in a forest is a
characteristic that may seriously affect the sastasle supply of raw materials for bamboo-
based industries (Kassahun, 2003). In recent y#aveering of bamboo in many places of
Ethiopia is resulting in heavy losses of bambodliversity leaving the lives dependent in
bamboo in danger. This nation is not effectiveljizihg the bamboo resources at this time
disposal. Hence, mass propagation of bamboo isepiogffort to save the biodiversity
from jeopardize and acquire income from this se@@mssewet al., 2011).

2.3. Conventional propagation techniques of Bamboo

Bamboo is a critical resource, which has not eaht itself to modern methods of
micropropagation and genetic improvement owing t® long vegetative phase and
monocarpic flowering behavior. Conventional bregdia difficult because of the near

impossibility of getting two desirable parents lowfer simultaneously. Thus, to meet the



raw material demand, the best possible way to nmearthg bamboo forest is through
scientific management. Major limitations to bambmoduction have been overcome by

propagation methods.

Seeds of bamboo are presumably not available.diy émly a few people are aware that
bamboos produce seeds. They abort soon after filogvand stay viable for short period of
time. It may take a century or even more for carigecies to produce seeds and the exact
period for this to occur is impossible to predBue to long flowering intervals, poor seed
setting, synchronous flowering and death, shorbilig, lack of storage methods for
recalcitrant seed types, availability of seeds eyear for production of planting stock of a
selected species is the main bottleneck in estabfjishbamboo plantations on regular basis
from seeds. Since, bamboo is one of the plantsféntiize by out crossing; the resulting

seeds are genetically variable too (Demsseal, 2011).

Vegetative propagation methods like rhizomes dfgkts are on the other way limited in
number, labor intensive for preparation, heavy difftcult to transport, and flower with
that of parent clumps. Naturally, the mother plagips the growth of the newly emerging
clumps. Hence, they mostly fail to sustain thde lvhen they are planted independently.
Cuttings have low rooting percentage in additiontte constraints listed for the other
means of vegetative propagation. Synchronous fliogenof vegetative propagated plants
with that of parent clumps that result in eventdehth of the plants is one of the main
pitfalls that enforce us to select seed grown gldiman vegitatively propagated plantations
(Demssewet al, 2011).

2.4. Tissue culture of Bamboo

Tissue culture is playing a major role in realizihgs objective for the production to meet
the demand. Tissue culture offers enormous potemmtigoroducing large quantities of
genetically uniform proliferates of the desired emat in a short time frame. However, it is
essential that enough care is taken in selectiothefinitial material, production of the
plants, nursery development and field plantatiome ifi vitro methods offer an attractive
alternative to conventional methods for the maspagation of bamboos (Gielis, 1995).
Micropropagation of bamboos from mother plants grofnom seeds is the far better



approach by no question in supplying enough plgntimaterials for commercialized

plantations through mass propagation.

Most reports dealing with bamboo tissue cultureehe@me from Asia, particularly India,
China and Thailand. This is possibly due to thd fhat nearly three fourth of the total
bamboo reserves in the world are located in thggore Although the pioneering report
describing regeneration of bamboo plantlets throemglryo culture appeared way back in
the late 1960s (Alexander and Rao, 1968), exteriniwgtro studies on bamboos started
only about two to three decades ago. After thearebeon tissue culture of bamboo by
Alexander and Rao (1968) on embryo cultur®ehdrocala strictusa good start has been
made on bamboo tissue culture and a number ofdsdroes have begun to make progress.
But, the majority of the successful achievemengsmaade through somatic embryogenesis
and/or regeneration from juvenile seedlings. Cousstly, reports on regeneration from
mature/field source materials followed by up saalmork for commercial use are limited
(Kalpataru and Mina, 2008). A complete protocol foicropropagation of Bambusa
bamboos Bambusa arundinacgavas published for the first time in 1982 (Meletaal,
1982).

A selected number of private laboratories have eeded in mass propagating one to many
bamboos, either from seedlings or from mature plafte quality of young plants derived
from tissue culture is generally excellent. Thenfdaare vigorous growers and in many
ornamental bamboos, the quality of plants of oree wéd plants derived from tissue culture
is considerably better than of those propagatedutiitr conventional methods of
propagation. Micropropagated plants are also pra@petitive with other plants (if one
includes quality and other long term factors), whibr mass propagation of many
bamboos, micro propagation is the only techniqus. r@ported by Gielis (1995),
micropropagation via axillary branching is a unsadrtechnique but above all, it is the best

available technique and will become the standardniass scale propagation of bamboos.

In East Africa, Research on tissue culture of |d@ahboo at the Kenya Forestry Research

Institute (KEFRI) is ongoing. The Research is fa&tlson Yushania alpineand



Oxytenanthera abyssinicd&kesearch and developments on bamboo tissue eltusther
countries have shown that this method is a verynmiong alternative source of bamboo

planting stock (Kigomo, 2007).

Propagation using axillary buds (Jimenet al., 2006) have effectively been used to
multiply bamboosn vitro. This procedure has been implemented successfulbgveral
bamboo species with high multiplication rates. Thisthod will be of choice for mass
scale propagation of bamboos because the regeth@lates are genetically uniform. Since
the diversity of bamboos is so vast, it is diffictd present a unique step-by-step protocol
for micro propagation of all plants classified wiiththis group. Many scientists have
succeeded in developing a common micro propaggtiotocol for at least 60 temperate
and tropical bamboos through axillary branching, tammercial interests have made the
procedure elusive for the use among the scientimmunity (Jimenez and Guevara,
2007).

2.4.1. Selection of mother plant

The lowland bamboo specie®xytenanthera abyssinic#\. Rich) accounts 85% of the
bamboo plantation in Ethiopia and is believed tah® most widely adopted species that
could grow in soils with poor fertility too. Woldeamael (1980) estimated the lowland
bamboo covers about 1,000,000 ha. But accordihgiso consult (1997), this figure could
be based on unverified assumption. Luso consufi{l8stimates area of lowland bamboo
in north western part of Ethiopia between 200,00@ 850,000 ha which makes the
estimation of lowland bamboo between 700,000 ar@i(8® ha; though settlements and

death after flowering may have reduced some ob#mboo areas.

The average annual stem increment of the unmanaaeadal bamboo forests of Ethiopia is
8.5-10 tonnes (t) of oven-dry matter per ha. This ihigher production rate than reports
from bamboo forests in tropical Asia and elsewh#res thus possible to harvest about 3
million tons per year of oven-dry biomass on a austble basis from the 1 million

hectares of bamboo in Ethiopia; assuming seleégiNiag of culms three or more years of
age, this could be used to supply part bé tparticle board, fiberboard, pulp,
furniture, construction and energy requirementstied nation if mass production is
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achieved. This species is well adapted to ourditmm and hence, rescue of our

biodiversity must be at our hands.

Appropriate establishment of mother plants is therjpy consideration for every

successful mass propagation program. As it wasusésd earlier, the bamboo plants
flower once in their life time like any other grass But, what makes more interesting here
in mother plant selection unlike the other spe@eahat, bamboo plantlets count their ages
from their mother plants unless they are raisethfseeds. Hence, explants should be

taken from seed grown mother plants.

2.4.2.1n vitro initiation and multiplication of Bamboo

Cytokinins are the group of plant growth regulatarisich have the ability to release
axillary bud from their dormancy (Thimman, 1934heTproliferation and emergence of
axillary shoot is stimulated by incorporating thgokinin, BAP, in the medium. The BAP
followed by Kinetin has been employed in shootdiftures (Hu and Wang, 1983). BAP
was found to be more effective cytokinin for axijldud proliferation and multiple shoot
production. This has been proved with a number aihBoo species likBendocalanzrs
slrictrs (Banik, 1985),Bambusa wamirfArshadet al, 2005),Guadua angustifoli&unth
(Jimenezet al, 2005),Bambusa vulgarigNdiyayeet al, 2006) Bambusa balcooRoxb
(Kalpataru and Mina, 2008)Gigantochloa atroviolaceagBishtet al., 2010) etc. BAP is
the most active and the cheapest cytokinin thatbeaautoclaved. Therefore, it is the one
most often usedparticularly in commercial micropropagation estsihents where cost

and ease of handling are major considerations.

Breaking of nodal buds and sprouting of shoots dems the condition of explants, season
of the year and culture conditions. Ramanayeakel. (1995) studied in vitro bud
breaking of two bamboo®éndrocalamus giganteuand Bambusa vulgaris) from April,
1994 to April, 1995 and found seasonal effectbard-breaking. Similar observations were

also made by Saxena and Dhawan (1994) dongispathus

In the bamboo specieGuadua angustifoliaKunth, highest bud sprouting in original nodal

explants was observed when 3 mb@-benzylaminopurine (BAP) was incorporated into

the MS culture medium. Production of lateral shaots vitro growing plants increased
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with BAP concentration in culture medium, up to § i, the highest concentration was
assessed. After six subcultures, clumps of 8-12 sexre obtained and their division in

groups of 3-5 axes allowed multiplication of thanik (Jimeneet al, 2006).

On the other hand, iMelocanna bacciferaaxilliary bud break was observed in nodal
segments within 15-20 days, when cultured on MSiamedupplemented with BAP. The
morphogenic response of explants towards axillang Iproliferation was markedly
influenced by the concentration of growth regulatorthe medium. Nodal segments
cultured on liquid MS medium without plant growtigulator, yielded only 10.33% bud
break response. Amongst cytokinin tried, BAP proitsdsuperiority in inducing multiple
buds. Maximum bud break response (82.80%) was raddaon liquid MS medium
supplemented with 20uM BAP. However, among Kkinetin treatments, maximum
responding explants (55.40%) were recorded atNSoncentrationln vitro differentiated
shoots were further multiplied on liquid MS mediwmpplemented with 181 BAP and
3uM 6-furfuryl amino purine (Kin) at a rate of 2.98lds, every 4 weeks.

In Bambusa wamiigArshadet al., 2005),multiple shoots were induced on Murashige and
Skoog medium supplemented with 5.0 riigetbenzylamino purine (BAP)On the other
hand Ndiyayeet al. 006)reported optimal shoot growth after 16 daystivation on
Murashige and Skoog (MS) medium supplementeth & mgl* of BAP inBambusa
vulgaris. Elsewhere, in Bambusa balcoo&oxb (Kalpataru and Mina, 2008), multiple
shoot formation was observed from excised tendder{®2—18 mm in length) containing
axillary bud isolated from secondary branches ofytiéld culms, when implanted on
Murashige and Skoog (MS) medium containing 1.0 M&AP).

Bisht et al( 2010) reported that, axillary bud break was aqa@hed in full strength liquid
MS medium fortified with 25.0 uM BAP. Axillary sht® produced were multiplied on
semi-solid MS medium supplemented with BAP (20uM)NAA (3.0uM) giving a

multiplication rate of 2.39.

According to Sanjay and Sant (1993), culture ititia of Dendrocalamus longispathus
was strongly influenced by the nature of the exjslamd the seasom vitro multiplication

was achieved through forced axillary branching.g&mode segments from the young
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lateral branches produced multiple shoots on agjaifsed MS medium supplemented
with 12 pM benzylaminopurine (BAP) and 3 pM Kinetifhe shoots were multiplied for
15 passages in liquid and thereafter for over Sg@ss on semisolid MS + 15 1uM BAP +
1 MM indolebutyric acid (IBA) + 10% coconut watdrarate of 3.2- and 2.8-fold, every 4
week, respectively. The nature of the propagule waa<ritical factor for shoot

multiplication and subsequent rooting.

Nodal segments from field grown culms were usedxataets to develop a method iof
vitro plantlet regeneration inBambusa glaucescensWilld) through axillary bud
proliferation. Shoot multiplication experiments wercarried out with different
concentrations of benzyl adenine (BAP) and king@tim), either singly or in combination.
A synergistic effect of the two cytokinins was olv&el and the best interaction giving the
highest rate of shoot multiplication (4.00-fold) svabtained for a combination of 5 pM BA
and 15 uM Kin. A significant decrease in shoot langas observed up on the addition of
BAP to the medium. The longest shoots were obtaarethe control (2.76cm). Similarly,
shoot length also decreased significantly on Kimpkmented medium and the maximum
shoot length was obtained on the control (2.97dn3ignificant effect of BAP and Kin
interaction was also observed on shoot length.idkractions between BAP and Kin
significantly reduced the shoot length. The maxingloot length (3.45cm) was obtained
on the control, which was statistically higher tithe shoot length obtained on all other

combinations (Fatima and Rana, 2008).

Inter nodal explants dD. traiancoricawas proliferated in different concentrations of BA
The maximum multiplication rate was observed in g BAP, which was same as with
the results obtained in the experiment®endrocalamrs strictus. However, the number
of multiple shoot recorded i®. Iravancoricawas higher than that reported Hanibzrsa
vulgaris by Nadgiret al. (1984). The BAP at higher concentration (8Mginduced
increase in the number of multiple shootintravancorica But, the shoot induced was
pale, weak and short. High cytokinin concentratioes suppressive effect on shoot
elongation in woody plants. The high concentrabbieytokinin may cause toxic effect on
cultures (Davies, 1988pn the other hand, greatest shoot length wasinastawhen the

medium was supplemented with 0.5 uM BAP (@pmand Segura, 1995).
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Kinetin promotes the multiple shoot production. &in has shown considerable role in the
multiple shoot induction iBanbusa vulgariby Nadgiret al (1984). The effect of Kinetin
was more noticed in the stage Il, multiplicationdmen. Significant positive effects of
BAP and Kin interactions on the multiplication dfa®ts were noted. High rates of shoot
multiplication in the presence of both BAP and Kis compared to BAP or Kin alone
suggest as synergistic interaction of the two chalsi (Fatima and Rana, 200&.
synergistic effect of 15 uM BAP and15 pM Kn comliioa was also reported by Shireh

al. (2003), which resulted in a high rate of shoot iplittation in Bambusa vulgarigrom
axillary buds of mature culms. Of the various nplitation media that were used , the best
results were obtained on MS medium supplemented B&P (2.5x10M) + Kin (5x10
®M). On this medium, the shoots multiplied at a rate2.4 fold every 6 weeks (Saxena,
1993).

In Bambusa tulda multiple shoot formation was achieved within 1D-days on MS
medium containing BAP (.5xI1M) and Kn (4x1#M). These shoots were multiplied for
two passages at a rate of 4 fold every 3 weeks.egffter, the multiplication rate declined
drastically and by the end of the 5th passagdhalshoots became dormant. These shoots
failed to rejuvenate and finally died. The studggests a strong maternal influence, which
could not be overcome by manipulation of phytohames and other growth nutrients

present in the culture medium or change in physicatlitions (Saxena, 1990).

Different types of auxins and cytokinins were uded their effect on multiple shoot
induction. A reason of the positive effect of awdt low concentration in the culture
media is that it nullifies the effect of higher akinin (Hu and Wang, 1983). A cytokinin
/auxin combination has earlier proved to be effiti®or in vitro shoot proliferation in
Pseudoxytenanthera stockgibanjayaet al, 2005), Bambusa nutan§¥adav et al, 2008)
and Oxytenanthera abyssinic@Mohammed and Diab, 2008). Contrastingly, in some
studies on micropropagation of bamboos, either BAdde or a combination of BAP and
Kin was found to give best results of shoot muitgtion in vitro ( Nadgir et al,1984;
Ramanayke and Yakandwala , 1997; Das and Pal, Z2Xfjayet al, 2005; Kapoor and
Rao, 2006).
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The auxins like IAA were used for the multiple shawuctions. The 1AA (I mg!) was
found to have no effect on axillary bud prolifecatiand multiple shoot induction. Further
increase in the IAA up to 5 miglproduced slight proliferation of the axillary budrhe
same effect was also observed idr&ancorica The earlier micro propagation on
bamboo reviewed showed that IAA had no eiffectole in axillary bud proliferation

and multiple shoot induction (Prutpongse angi@atvatana, 1992).

2.4.3.In vitro rooting and acclimatization of Bamboo

The ability of plant tissues to form adventitiow®ts depends on the interaction of many
different endogenous and exogenous factors. SkadgMiller (1957) reported that the
shoot/root formation is generally dependent on dis@kinin/auxin ratio in the nutrient
medium. Jones (1978emonstrated that the cytokinin inhibit rooting aislo prevent the
root growth. Therefore, it is better to culture 8f®ots on a PGR free medium before they

are transferred to a rooting medium.

In relation to the micropropagation of adult planfdhamboo, the success has been rather
restricted. Nadgiet al. (1984) made a breakthrough in multiplying shoagsiveed from
nodal explants of adult Bambusa bamboBs, vulgaris and Dendrocalamus strictus
However, rooting occurred only iD. strictus and that too, at a very low frequency
(maximum of 20%). Chaturveddt al. (1993) failed to multiplyD. strictus shoots but
succeeded in inducing 30% rooting along with regatien of axillary shoots when nodal

segments were cultured upside down on a complexumecbntaining phloroglucinol.

In other studies, rooting percentages for adult@oe ranged from very low percentages
of 10% forBambusa vulgariso 73% for adultDendrocalamus longispathySaxena and
Dhawan, 1994). A rooting percentage of 77% was inbthfor adultDendrocalamus
giganteusn 3 or 4 weeks (Ramanayake and Yakandawala, 18®netheless, low rooting

frequencies are the major bottleneck to developorgmercially viable protocols.

The rooting media used fd@. ravancoricashoots were similar to those used in many

other bamboos species: i.e. lowered mineral saltishagher auxin (Nadgiet al. 1984).

Experiments revealed that IBA, NAA alone or combtima was found effective in root

induction. The auxin concentration varies from tBl. The presence of activated
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charcoal (8md) in the media was found effective in rooting ofiett bamboo species like
Banihuta vtrlgaris(Nadgiret al,1984). The effective mechanism of activated chelrao
the tissue culture media for root induction was wtd#arly identified (George and
Sherrington, 1984). Studies oB. vtrigaris (Prutpongse and Gavinlertvatana, 1992)
reported that NAA and 1BA were efficient for vitro rooting of shoots. Addition of IBA
and NAA together was found to improve the root ictthn. The combination of NAA

with IBA induced maximum roots.

Corresponding to some of the above works, 73% efsthoots rooted on a modified MS
medium (major salts reduced to half strength) dairtg 1M indoleacetic acid, 1 uM IBA
and 68 puM coumarin and through a simplevitro hardening step, more than 85% of the
tissue culture-raised plants were successfullysteared to soil (Sanjay and Saint, 2003).
The MS medium supplemented with 25 uM IBA was nsastable for rooting of shoots.
Hardening and acclimatization was successful aadtlgts are growing normally in soil
(Fatima and Rana, 2006). On the other hamdiitro shoots were rooted on full strength
MS medium supplemented with varying concentratioh@uxins. Optimal rooting was
achieved on medium supplemented with 35.0 uM IBAgéherated plantlets were
successfully hardened and acclimatized under netehoonditions with over 80% survival
(Bishtet al.,2010).

Although, a variety of auxins (IAA, IBA and NAA) dnother growth regulators such as
phloroglucinol, coumarin, activated charcoal anddacid were tested to induce rooting,
only a maximum of 10% rooting was achieved wheroshwere cultured on MS medium
supplemented with IAA, IBA and coumarin (100 mgAch) for two days and then
transferred to a hormone-free MS medium. Attemptsniprove rooting frequency by
altering physical environment also proved futilecArding to Saxena (1990), low rooting
frequency was the major bottleneck in the estaestt of a commercially viable protocol

of B. vulgaris

With these more than 45 genera of bamboo spetiesneither possible to deduce from
one protocol to another protocol nor specious &t through pilot studies. Many works

have still ended up with null or small (up to 10%oting efficiency) rooting in some
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species. In contrast, the misery goes divulgedhastare some plants that bear indigenous

in vitro roots easily.

Despite all the fuzz, some plants easily form raotsitro. This can be an advantage or
disadvantage. Becausda, vitro roots are not always functional and they are hksdy to

be damaged during planting out. These roots usdalyand new roots have to be formed
once the plant is established. In such a case ialipthe plants to root outside & vitro
rooting in the glasshouse would be better. Marsugsculture laboratories commonly use
ex vitro rooting. This reduces the costs and time takerpfoduction of rooted plantlets.
Some crops root much easex vitro thanin vitro, this is especially true for woody plants

for example pistachio rootstock (Sanette, 2001).

In another casen vitro rooting can be further forced by subjecting theagbdo extremely
high auxin levels. Hence, optimal rate of rootid®.83%) was observed B.vulgarisin

MS medium supplemented with 20mg/lI IBA. The higmaentration of IBA (20 mg/l)
added to the MS medium could be explained by tlok ler the feeble synthesis of
endogenous auxin by the explants (Ndiyatal, 2006). However, according to El Noatr

al. (1991), this higher concentration of rooting (IBAprmone did not improve rooting
significantly in bamboo tissue culture. Availakyjlibf endogenous hormone suppresses

exogenous effect (Andrew and Bonnie, 2004)
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3. MATERIALS AND METHODS
3.1. Experimental materials

All the laboratory activities and experiments wemnducted at the National Agricultural
Biotechnology Laboratory under the Ethiopian Indg&tof Agricultural Research, Holleta
Agricultural Research Center. Mother plant©ofytenanthera abyssiniagere grown from
seeds and maintained in a glass house for a yearregular watering every three days.
The seeds were obtained from Komosha area, Bensh@ugnuz RegionOxytenanthera
abyssinica the major bamboo species that covers 85% of barplpulations, thrives in
very poor and shallow soil which is unsuitable fioost cereal crops. The species is very
drought resistant, sustains itself with minimalnfall and has a very economical water
uptake. This species is non invasive, clumping syl ) bamboo, with short slow-
spreading rhizomes arising close to the mother sulrhis species also grows in many

parts of the SNNP, Gambella, Oromia, Amhara andaigegions

The plants were raised in plastic pots containiody sompost and sand in the ratio of
2:1:1, respectively and allowed to grow in the glemuse. After a year of growth, mother
plants that developed active buds in their node® weed as source of explants (Appendix
Figure 1). All the basal media components, horrsa@ tissue culture lab set ups were

used in the national plant biotechnology laboratory

3.2. Media Preparation

Murashige and Skoog's medium (1962), containing 3s@6rose and 0.5% agar as a
solidifying agent, was used as a basal culture umedhroughout the experiments. Full
strength stock solutions of macronutrients, mictdants and vitamins and other organic
supplements were prepared in six separate volumg®ak solutions (Appendix Table 1).
To do so, appropriate amount of each nutrient waighwed in grams per liter and dissolved
in double distilled water consecutively in such aywhat the next nutrient was added after
the first one was completely dissolved. After # tomponents were completely dissolved
using magnetic stirrer, the solution was poured pitistic bottles and stored at’&4for

maximum of four weeks until used.
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Plant growth regulators (PGRs) were prepared in/drhgoncentration. The PGRs used
for the study were cytokinins: 6- benzyl amimopari(BAP) and Kinetin, the auxins:

indol-3- butyric acid (IBA), Naphtalene acetic g®id\A) and Indole acetic acid (IAA) and

gibberellin: gibberrellic acid (G4. The powdered crystal of the PGRs was first wetgh

and dissolved in 3-4 drops of 1N HCI for cytokinnelN NaOH for auxins and 99%
ethanol for gibberellin (Sanette, 2001). Upon caetgldissolution, the solution of each
PGR was poured into labeled 50 ml plastic bottles fdled with double distilled water to

the required volume. Then, it was gently stirred stored at a temperature of’-&4

In the first round of experiments, the culture medr shoot initiation and multiplication
contained full strength of MS basal medium withwathout (for control) PGRs. In the
rooting experiments, different strengths of MS basadium were used with or without
different concentrations of IBA, NAA or IAA. Afteadding the respective PGRs, the pH
of all media was adjusted to 5.7 by using 1N HGl/anNaOH.

After addition of 0.5% agar, the solutions weretfyemixed and boiled on a stove until the
agar gets melted. Then, 50 ml of the prepared meeas dispensed into a culture vessel.
The culture vessels were covered with caps immegiatfter dispensing and the medium
autoclaved by steam sterilization at a temperatfiré21°c and 105 KPa pressure for 20
minutes. Immediately after autoclaving, the medivas taken and kept in laminar air flow
cabinet bench until it is solidified and cooled.eT$vlidified media were kept in a shelf for
about a week in order to see some indications ofahial contamination before culturing

explants for initiation or shoots for multiplicati@nd rooting.
3.3. Explant Preparation

Nodal segments from the'2and 3' nodes with a length of 2.0 -2.5 cm were used as
explants. After cutting the explants, they werasfarred to the preparation room of the
laboratory in a vessel containing distilled watéfter preliminary washing, the culm

sheaths were removed by a blade.

Prepared explants were washed under running tegr @atl with the addition of detergents
three times for 10 minutes and then treated wi8%0Kocide (fungicide solution) for 20
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minutes. Later, they were washed by 2% sodium hylpoite (NaClO) solution containing
two drops of tween 20 solution for 10 minutes iesallaminar air flow hood (Appendix
Figure 2 A). Then, explants were surface stedlizeth 70% ethanol for one minute. After
rinsing with distilled water for five minutes, tleplants were washed again by 1% sodium
hypochlorite solution containing two drops of twe2h solutions for 10 minutes. Finally,
they were washed with double distilled deionizedewdhree timesSubsequently both
ends were trimmed (Appendix Figure 2 B) and segmenitured on Murashige and
Skoog’s (1962) medium (50ml) with plant growth sialoges by placing them vertically
(75°) in a conical culture vessel (250 ml) (Appendigife 2 C).

3.4. Culture conditions

After culture of explants or sub culturing of skmothe culture vessels were properly
sealed with parafilm, labeled and transferred itheogrowth room. The cultures were kept
in the shelf in random and they were maintaine@580 umol/ms® intensity of light (the
fluorescent lights were 28 cm away from the togwture vessels) for 18/6 hours photo
period (cool white fluorescent light) and a tempem of 25 + 2°C. These culture
conditions were maintained thoughout initiation ltiplication and rooting stages of all the

cultures in the growth room.

3.5. Effects of plant growth regulators on initiaion, shoot multiplication and
rooting

3.5.1. The effect of BAP on in vitro initiation of O. abyssinica(A. Rich)

The MS medium was separately supplemented with lexgls of BAP (0, 2.5,5 and 10
mg/l) replicated three times only for preliminarials. After this pilot study, seven levels
of BAP (0, 1.5, 2, 2.5, 3, 3.5 and 5 mg/l) weredu® final treatment levels for the actual
initiation experiment. There were five explants peiture vessel, and each vessel was
considered as a replication. The experiment haepications; hence, there were 30
observational units per treatment. Data for daysit@tion were recorded every day at the
same hour starting from the first day of culturdteA 21 days of incubation, number of
shoots initiated and shoot length (cm) were reahrdée productions of multiple shoots

and nodes from a single explant in the initiatitags were also taken in to account.
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3.5.2. The effect of different hormone concentratias onin vitro shoot multiplication

of O. abyssinica (A. Rich)

Two centimeter long, young and healthy micro-shatitsined from initiation stage were
used for the multiplication experiment. The michmsts were cut and transferred into each
fresh culture vessels under aseptic condition ilarainar flow hood. For preliminary
studies, the response of nine levels of BAP (0,4,.3, 2, 2.5, 3, 3.5, 5 and 10 niphnd
seven levels of Kinetin (0.5, 1, 2, 2.5, 3, 3.5 4ndgl*) combinations were evaluated. The
actual experiment was laid out in the combinatiohBve levels of BAP (0, 1, 1.5, 2.5 and
4 mg/l) and four levels of Kinetin (0, 0.5, 1.5 aAd mgl'). Three micro-shoots were
cultured in a single culture vessel and each vesssl considered as a replication. The
experiment had 10 replications; hence, there werelb3ervational units per treatment. The
experimental shoots were sub-cultured every threeke for three times by using the best
four treatment combinations that gave higher mlidtigion rate in the 3 stage of growth.
All the three steps of sub-culture were made bgstierring the newly multiplied micro-
shoots to fresh medium of the same compositiorhasptevious one. After 21 days of
culture growth in each stage, number of nodes Ipeots number of buds per explant and

shoot length were recorded.

3.5.3. The effect of IBA onin vitro rooting of O. abyssinica (A. Rich)

The multiplied shoots were maintained on PGR fre® Medium for two weeks before
being transferred to the rooting media. Beforewtg, the shoots were cut in a V- shape’
form to increase the surface area of wounding efdht end of the shoot which in turn
increases rooting efficiency. Simply for prelimigastudies, the shoots (3cm long) were
transferred to full, %, ¥2 and ¥ strength MSlime augmented with thirteen different
concentrations of IBA (0,0.5,1,2,4,8,10,12,15, 28, 45 and 50 mg/l), six levels of NAA(
0,0.25,1,2.5,5,10 and 15 mg/l) and four levels MA(0, 0.5,1,2.5,5) in the presence or
absence of charcoal. The rooting efficiency in Pfeéd®¢ medium was further tested by
addition of phloroglucinol and 60 g/l sucrose. TM& media components that could be

responsible for rooting like boric acid, calciundandine were also tested.

After this pilot study, three levels of IBA (0, ®2and 25) in full strength medium free of

activated charcoal were used for the final expemineéin vitro rooting. There were three
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shoots per culture vessel and each vessel wascatgli ten times that constitute 30
observational units per treatment. After 30 dayswfure growth, number of main roots

per shoot, length of roots (cm) and percentageatimg were recorded.

The experiment ofn vitro rooting of O. abyssinicawas also tested in another different
step; exposing to a high concentration (50 mg/l)iB% some days and then transferring to
a hormone-free medium. On the other hand, shoote We&pt in PGR free medium for a
month and then direct acclimatization throwgh vitro rooting of the respective plantlets

was evaluated.

3.5.4. Acclimatization of plantlets

In vitro rooted plantlets were taken out of the culturskifaand thoroughly washed with
water to remove all traces of the medium includaggr in order to avoid carry over effect
of the rooting medium. Both thim vitro rooted and shoots fagx vitro rooting were

labeled and planted in plastic pot containing atamx of sieved sand, silt and well
decomposed farm yard manure in a 1:1:1 ratio img fThe transplanted plantlets were
kept under shade in a green house. Humidity wastaiaed by covering the trays with
polyethylene sheets on appropriate supports fodady®. Initially, there were 30 plantlets
for each observation oin vitro rooted shoots and shoots fex vitro rooting. The

acclimatized plants were further transferred tcstdapots containing soil, compost and
sand in the ratio of 2:1:1, respectively and alldwe grow in the glasshouse for further
hardening. After three weeks, numbers of survivéahtfets were recorded for each

observation fronin vitro andex vitrorooting.

3.7. Experimental design and data analysis

Completely randomized design (CRD) was used foiirtliation and rooting experiments.
However, the multiplication experiment was laidfactorial combinations of treatments
with CRD. Percentage and count data were normabyddgarithmic transformations. The
data analysis was made by SAS version 9.0 and &etit edition. Mean separation was
done by Least Significance Difference (LSD) tats0.05 probability level and standard

deviation from the mean of each observation weleuzed.
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4. RESULTS AND DISCUSSION
4.1. The effect of BAP onn vitro initiation of O.abyssinica (A. Rich)

ANOVA showed that, different levels of BAP had vérigh significant effects (P<0.0001)
on days to initiation and percentage of initiatggleants (Appendix Table 2).

Culturing of explants in the MS medium supplemdniéth 2.5mgt' BAP (Figure 1 C)
resulted in the shortest days to initiation (4.@¥g); which is significantly different from
BAP levels of 1.5 (4.42 days), 2.0 (4.40 days) &8 (4.38 days)(Tablel). Higher
concentration of BAP resulted in late sproutingtfeé cultures. This could be due to the
inhibitive effect of higher hormone concentrationaddition to the inherently available
indigenous hormone in the explant before inocuhat®uccessful initiation of explants on
PGR free medium (Figure 1 A) is indication of theaidability of endogenous hormone.
This result was consistent with the works of Bishéal. (2010) and Jimeneat al. (2006) in
another bamboo species. Other authors also recodeddlifferent level of hormone and
delayed days to culture, which took 16 days (Ndiayel., 2006) and 15 to 20 days
(Abhinav et al., 2009). This difference might have arisen due tootpic difference,
which is an established fact, as reported in Pngpe and Gavinletvatana (1992).

Table 1. Mean number of days to initiation and petage of initiated explants in MS
medium supplemented with different BAP concentratjomean days are indicated + SD,
means for regeneration percentage are indicatédhbgformed data + SD (actual mean).

BAP(mg/l)  Days to initiation % initiated explants

0 5.0f+0.18 96.2 +8.08 (96.7%)
1.5 4.42+0.13 96.2*+8.08 (96.7%)
2 4.40 +0.13 99.8+0.00 (100%)
2.5 4.0%+0.10 99.5' +0.00 (100%)
3 4.85 +0.23 89.6°+10.26 (90%)
3.5 4.38+0.13 92.9+24.26 (93.3%)
5 6.3f +0.32 73.2+23.98 (73.3%)
Lsd(0.05) 0.21 16.57

CVv 3.7% 15.%%

Means having the same superscript letters in theaesadolumn are not significantly
different at 5% probability level
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Figure 1. Response @.abyssinicanodal explants to different levels of BAP in th#"2
day from inoculation in the MS medium: A) PGR freB, C, D and E represent MS+2
mgl?, MS+2.5mgft, MS+3mg!* and MS+5mgt respectively.

After 5 days of initiation, 100% of the explants\gued and gave effective micro-leaves in
the MS medium supplemented with 2 and 2.5hBAP. However, the PGR free (96.7%),
MS+1.5mgl" BAP (96.7%) and MS+3.5mgl BAP (93.3%) showed statistically
insignificant results with the treatments that shdwin absolute sprouting of all the
explants cultured in the medium. The exception Wigher BAP concentration (5mbl
that showed drastically lower initiation percentagfeexplants than the others. These
results were better than the outcomes of Abhigtaal. (2009), which had shown a higher

(82.80%) and lower (10.33%) regeneration percestagdelocanna baccifera

Preliminary observations of multiplication during initiation

ANOVA has shown that, BAP concentration has higsilynificant effect (P<0.0001) on
the number of shoots per explant, number of noaggsspoot and shoot length of the

cultures during initiation (Appendix Table 2).

Explants cultured on MS medium supplemented with @gl* BAP had shown best
number of multiple shoot (2.3) production from agée bud cultured in initiation medium.
This medium also showed rapid initiation with redaly tall and thick plantlets. Getting at
least two usable shoots from a single explant i ititiation stage means that, the
efficiency of micropropagation will be doubled inet available mean time. On the other
hand, addition of 3 mg| 3.5 mgl* and 2 mgt to the MS medium has shown satisfactory
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sign of production of multiple shoots (1.45, 1.3®&d4al.27 shoots/explant, respectively)
from a single explant (Table 2).

These results are slightly consistent in terms witiple shoot production with the works of
various authors (Arshadt al, 2005; Kalaptaru and mina, 2008; Bigtal, 2010) on
Bambusa wamin Bambusa balcooand Gigantochloa atroviolaceae rgespectively in
multiplication stage. However, the results in thigeriment are obtained in the initiation
experiment and we had separate step of multiptinatvith outstanding multiplication

results.

In terms of multiple nodes per explant, the PGR freedium developed the tallest shoots
that gave rise to more nodes (2.87) that can bd faethe next step of multiplication.
Similar to the days to initiation, higher BAP contrations were the least concentration for
number of nodes per explant. However, the effioyeof these nodal explants for further
multiplication up on sub culture was very low. was difficult to get active buds from
thesein vitro maintained shoots (Data not presented). Therefionegs found better to use
multiple shoots per explant as the main means oftiplication throughout the

experiments.

Table 2. Mean number of shoots per explant, nodesipoot and shoot length in the MS
supplemented with different levels of BAP in théiation medium, means are indicated as
+SD

BAP(mg/l) Number of shoots/explaniNumber of nodes/shoot  Shoot height (cm)

0 1.06+0.00 2.87+0.10 6.08+0.15
1.5 1.24+0.08 2.2$+0.13 4.58 +0.15
2 1.27°0.10 1.87+0.10 4.26+0.00
2.5 2.36+0.11 1.85+0.15 4.06+0.00
3 1.4%+0.15 1.75°+0.18 3.76 +0.21
3.5 1.39%40.15 1.67+0.15 3.25+0.20
5 1.1F+0.12 1.06+0.00 3.50 +0.29
Lsd(0.05) 0.13 0.15 0.20

CcV 8.08% 6.77% 4.18%

Means having the same superscript letters in theesaolumn are not significantly
different at 5% probability level

Like the node production, explants on plant growdlgulator free medium showed

significantly higher shoot length (6.03 cm) thary ather treatment. The initiated shoots
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were thin and long. Addition of BAP to the MS mediuesulted in a decrease of shoot
length. The shoots tend to become thicker and rshogts per explant are obtained due to
the effect of shooting hormone. MS medium suppldegmith 1.5 mgt, 2 mgi* and
2.5mgl* were the next better treatments that resultedettebshoot lengths of 4.55, 4.20

and 4.00 cm, respectively.

Incorporation of multiplication data from initiatioculture was found to be supportive for
further mass production in the next steps. Becamsatments showing advanced
proliferation and growth in terms of either mulépbuds or nodes were recognized as

potential observations for successful multiplicatio mass propagation.

Generally, MS media supplemented with increa8Ad® concentration showed quicker
days to initiation, increase in percentage of regation and the number of multiple shoots
per explant up to 2.5 mgl However, when the BAP concentration goes beybat these

parameters showed a decrease in performance. Qutlteehand, higher BAP was found
to be inversely related to the shoot length and bemof nodes. Therefore, initiation of
explants in the MS medium supplemented with 2.5 mgas found to be the best in terms

of quality and profitability wise.

Experiment 2. The effect of different hormone conagrations on in vitro shoot
multiplication of O. abyssinica (A. Rich).

In the F' stage of multiplication, ANOVA has shown that BARd Kinetin concentrations
as well as their interactions has highly significaffiect (P<0.001) on number of shoots per

explant, number of nodes per shoot and shoot |gigthendix Table 3).

Treatment of shoots with 2.5 MigBAP + 1.5 mgf Kin ( Figure 2 B) resulted in the
highest mean shoot proliferation (5.94 shoots pptamt) followed by 1.5m giBAP + 2.5
mgl* Kin, which gave rise to mean shoot number of 4.9he other treatment
combinations, 2.5 mgIBAP+ 2.5 mgl'Kin and 1.5 mgt BAP+ 1.5mgl* Kin ( Figure 2 D)
also gave reasonable number of multiple shootexaant, which produced 4.67 and 4.39,
respectively. These treatments gave rise to saamfly higher number of shoots per
explant than the other treatment combinations @énfittst culture of multiplication prior to
sub-culture (Table 3).
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Treatment combinations of higher and lower thanni@gdl BAP and 1.5 mg/l Kin resulted

in decreasing level of shoot multiplication, thadeof which (1.06 shoots per explant) was
obtained on treatment combinations of 1Mmd@AP and 0 Kin. There was no shoot
multiplication on the control treatment (Table 3he results obtained in this experiment
showed outstanding rate of multiplication compaiegrevious experiments dambusa
tulda (Saxena, 1990) anBambusa glaucesceiiBatima and Rana, 2006), which gave 4 -
fold multiplication. The multiplication rates onhetr reviewed reports odendrocalamus
longispathus(Sanjay and Sant, 1992Melocanna baccifergAbhinav et al. 2009) and
Gigantochloa atroviolaceaéBisht et al, 2010) were in the ranges of 2 to 3 shoots per

explant.

Table 3. Mean number of shoots per explant, nurobaodes per shoot and shoot length
in MS medium supplemented with BAP and Kinetin iive tf' stage of multiplication,
means are indicated as + SD

BAP KIN No. of Shoots  No. of Shoot length(cm)
(mg/l) (mg/l) [/ Explant nodes /shoot
0 0 1.00+0.00 3.35+0.21 7.01+0.19
0.5 1.38x0.17 2.75+0.25 5.56+0.19
1.5 1.76+0.13 2.120.15 5.06+0.26
2.5 2.00+0.00 1.94'+0.13 4.86°0.22
1 0 1.06:0.13 2.8840.15 5.47+0.23
0.5 2.1%+:0.16 3.06+0.20 5.55+0.20
1.5 2.88+0.25 2.08"+0.00 5.06+0.37
2.5 3.38+0.17 1.972"+0.17 4.96'+0.18
1.5 0 1.55+0.30 2.58+0.19 5.56+0.38
0.5 3.1%t0.23 2.13+0.24 5.51°40.11
1.5 4.39+0.23 2.35+0.23 6.06+0.24
2.5 4.97+0.26 1.97"+0.09 4.95+0.24
2.5 0 2.49+0.19 2.08"+0.13 4.64'+0.21
0.5 3.56+0.21 2.069"+0.13 5.64+0.21
1.5 5.94+0.24 2.460.21 5.55+0.20
2.5 4.67+0.29 2.09%+0.14 4.85%+0.16
4 0 1.48+0.26 1.4%0.19 3.958+0.53
0.5 2.94+0.19 2.03%"+0.09 4.44+0.16
1.5 2.78+0.23 2.03%"'+0.09 3.74+0.20
2.5 2.04:0.14 1.91+0.14 2.42'+0.71
Lsd(0.05) 0.18 0.15 0.26
cVv 7.4% 7.5% 5.8%

Means having the same superscript letters in theaesazolumn are not significantly
different at 5% probability level
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In the case of number of nodes per explant andtdbagth, the control treatment (PGR
free medium) was the best that resulted in 7.0letigth of shoot and 3.35 nodes (Figure 2
A). The general trend in the result of number ofle® in a shoot was that as the
concentration of BAP and Kin increased, productidmodes decreased. The same was
true for shoot length. The exceptions were at coatimns of 1.5 mg BAP + 1.5 mg Kin

and 1mg BAP + 0.5m@Kin that had second best shoot length (6.06cm) and eupfb
nodes (3.00) respectively, which was statisticakyter than zero BAP and 0.5mg/l Kin
(Table 3). The shoot length results were betten tt@se reported by Fatima and Rana
(2006) andsomez and Segura (1995).

As plant growth hormones are expensive, the nathiagy would be going for the lowest
concentration of hormones without compromising réults; hence, the control treatment
(Figure 2 A) can be the one to choose as the besteonomical treatment if one considers
multiple nodes per shoot as a means of multipbeator the next steps. But production of
multiple shoots per explant gave best performancedccessfuin vitro multiplication as
the shoots are already established and they caly pasliferate in the next sub culture
stage. We can also get almost double amount ofipteikhoots than the nodes as revealed
in this experiment. Therefore, addition of 2.5 AP and 1.5 m{ Kin in the first stage

of multiplication is the best approach for masspagation of bambodd. abyssinica

On the other hand, ANOVA has shown that multiplmatstage, BAP and Kinetin and all
of their interactions (except BAP*KIN for nodes poot), showed significant statistical
difference for number of shoots per explant, ngoesshoot and shoot length (Appendix
Table 4).

In agreement with the previous observation in mlittation before sub culture ¥stage of
growth), the MS medium supplemented with 2.5/AP and 1.5mgt Kin (Figure 2 B)
resulted in the highest number of shoots per explai84) at the % stage of growth.
However, it showed insignificant difference withettiMS medium supplemented with
1.5mgi*BAP and 1.5mgt Kin in the 3% and 4" (Figure 2 E) stages of growth with 5.68
and 5.63 multiple shoots respectively. This couéd due to the accumulation of these

hormones in the successive steps of sub culture.
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The multiplication rate of the same treatmentsuocsssive stages was decreasing except
in the case of the medium supplemented with 1.3nBAP and 1.5 mgt Kin, which
showed increasing responses of multiplication tghowt all stages. The decreasing
multiplication results are in accordance with thecomes of Saxena (1990) Bambusa
tulda, where the multiplication rate declined drastizalhd by the end of thé"$assage,

all the shoots became dormant.

Up to the 2 step of sub culturing (Bstage of multiplication), addition of 1.5mgBAP
and 1.5mgt Kin showed in increasing number of shoots thaewary successive stage
(Table 4). It produced 4.39, 4.9 and 5.68 shootsegplant in the I, 2" and 3 stages of
multiplication respectively. The mean number ofatlsan the & stage of multiplication
(5.64) was statistically non significant from th& 8tage( Figure 2 E) multiplication
medium supplemented with the same hormone condemtraugmented with 1.5migl
BAP and 1.5mgt Kin. However, it also showed non significant di&face with the ® and
3 stages of growth augmented with 2.5HBAP and 1.5mgt Kin.

However, the MS medium supplemented with 2.5mBAP and 1.5mgt showed
decreasing number of shoots (Table 4) throughausthb culture process (Figure 2 C). Of
course, this hormone combination produced the tstber of multiple shoots in thé'1
stage of multiplication. Therefore, there should deshift of using 1.5mgBAP and
1.5mgl* Kin in the 3° and 4" stages of multiplication after thé'and 2° stages of growth
supplemented with 2.5mYBAP and 1.5mgt Kin.

At the same time in each sub culture stage, themM8ium supplemented with 1.5mgl|
'BAP and 1.5mgt Kin also showed higher number of nodes per shodtshoot length in
except in the medium supplemented with 2.5hBAP and 1.5mgt Kin at the f' stage of

multiplication, which showed statistically insigiednt result (2.46 nodes).
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Table 4. Mean number of shoots per explant, nurobeodes per shoot and shoot length
in MS medium supplemented with BAP and Kinetin ditedent culture stages, means are
indicated as + SD

Stage BAP KIN No. of Shoots  No. of Shoot
(mg/l) (mg/l) [/ Explant nodes /shoot length(Cm)

1% 1.5 1.5 4.39'+0.23 2.3%°+0.23 6.06+0.24
2.5 4.97+0.26 1.979+0.09 4.95:0.24
2.5 1.5 5.94+0.24 2.46%0.21 5.55%+0.20
2.5 4.67'+0.29 2.0§'+0.14 4.8%+0.16

2" 15 15 4.90%0.31 2.480.21 6.07+0.28
2.5 4.74°+0.31 2.06+0.00 5.48+0.26

2.5 1.5 5.84°+0.31 2.18%0.15 5.63+0.20
2.5 4.5%+0.26 1.9(+0.23 4.75%+0.26

3¢ 1.5 1.5 5.68+0.23 2.71+0.26 6.43+0.29
2.5 4.6(8+0.38 2.009+0.14 4.84%+0.22
2.5 1.5 5.68+0.23 2.21%40.15 5.37+0.14
2.5 4.0%:0.20 1.9840.15 4.69"+0.25
4" 15 15 5.62°+0.26 2.50+0.21 5.56°0.24
2.5 4.26'+0.27 1.83+0.29 4.51"+0.18

2.5 1.5 5.45+0.25 2.35%+0.29 5.25+0.22
2.5 3.73:0.35 1.43+0.25 4.32+0.13

Lsd(0.05) 0.25 0.18 0.20

cVv 5.6% 9.4% 4.3%

Means having the same superscript letters in theesaolumn are not significantly

different at 5% probability level

Figure 2. Response of shoots to the MS medium tongadifferent combinations of BAP
and Kin concentrations at different stages of mltation of O. abyssinicaA) PGR free
at the ' stage. B) MS + 2.5 mgIBAP +1.5mgl* Kin in the £' stage. C) MS + 2.5 mgl
BAP +1.5mgt* Kin in the 4" stage. D) MS +1.5 mgIBAP +1.5mgt* Kin in the £'stage.
E) MS + 1.5mgt BAP +1.5mgf* Kin in the 3 stage.
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At the same time, some shoots obtained from theatimn media were evaluated for
multiplication, elongation and preliminary rootingt various concentrations and
combinations of BAP, GAand NAA. ANOVA has shown that, the levels of homas and
their interactions were statistically significartr fmean number of shoots per plant and
shoot length. However, the interaction of BAP anAANwas insignificant for both
parameters (Appendix Table 5). No preliminary rostse also observed in any hormone

type and concentration.

On the other hand, the response of these hormonesiltiplication and elongation was
clearly lower than the results obtained from vasicombinations of BAP and Kinetin. The
highest of which was production of 2.79 shoots peplant in the MS medium

supplemented with 2.5mgBAP, 2.5mgl* GA; and 0.25 mgt NAA (Table 5). This result

was only half of the number of shoots obtained fritv best combination of BAP and
Kinetin.

The incorporation of NAA in multiplication was belied to have a positive effect of auxin
at low concentration in the culture media in thatullifies the effect of higher cytokinin
(Hu and Wang, 1983) and promotes the next stepating. The best performance of
multiplication in the combination of BAP and NAA @ 2.29 shoots/ explant, which was
lower than the results reported by Mohammed and [(#808).

The results of this study was consistent with othtidies on micropropagation of
bamboos, either BAP alone or a combination of BA¥ &in was found to give best
results of shoot multiplicatiom vitro ( Nadgiret al.1984; Ramanayke and Yakandwala ,
1997; Das and Pal, 2005; Sanjay al, 2005; Kapoor and Rao, 2006). Besides the
incorporation of NAA in the multiplication stage,3vmedium containing low gibberellin,
with lower and higher auxins was believed to pramplhiloem and xylem differentiation

respectively. However, there were no satisfactesponses in any cases.
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Table 5. Mean number of shoots/explant and showthein MS medium supplemented
with different concentrations of BAP, GAnd NAA in multiplication, means are indicated

as +SD
BAP GA3 NAA  No. of Shoots Shoot
(mg/l) (mg/l) (mg/l) [ Explant length(Cm)
0 0 0 1.06:0.00 6.97+0.26
2.5 0 0.25 2.29+0.25 4.97+0.26
0.5 2.06+0.00 5.47+0.14
5 1.98"+0.10 2.75+0.29
1.5 025 2.08+0.16 5.60+0.37
0.5 1.78+0.27 5.52+0.18
5 1.79'%+0.24 2.67+0.40
2.5 0.25 2.3%+0.20 5.47+0.24
0.5 2.78+0.25 4.67+0.41
5 2.13%%0.21 2.58+0.22
5 0 0.25 2.08%0.13 3.41°+0.34
0.5 2.2§+0.19 3.66+0.20
5 1.63+0.21 2.45+0.21
1.5 0.25 2.5%0.10 5.51°+0.28
0.5 2.04'+0.19 5.45+0.12
5 1.9%"+0.13 1.75+0.10
2.5 0.25 1.620.14 5.65+0.10
0.5 2.258%+0.27 4.75+0.46
5 1.17+0.20 1.46+0.22
Lsd(0.05) 0.22 0.31
cVv 9.5% 6.48%

Means having the same superscript letters in theesaolumn are not significantly
different at 5% probability level
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Experiment 3. The effect of IBA onin vitro rooting of O.abyssinica (A. Rich).

In this experiment, addition of wide range of homa concentrations (0.25-45mg/l) of the
different types of rooting hormones (IBA, NAA or A alone or in combinations to the
MS rooting medium of different strengths (1/42,13/4 and full ) with or without charcoal
and varying amounts of sucrose did not lead toranting. Instead, the shoots dried soon
after inoculation in all these treatment combinagi@augmented with hormones. However,
roots were developed in the full strength PGR fresglium without charcoal. Addition of
phloroglucinol (Figure 3 D) and varying media coments like boric acid, calcium and
iodine to the PGR free medium also showed nothietieb than the rooting response

obtained in the original MS medium.

ANOVA has shown a highly significant difference (@@®60I) for the different
concentrations of IBA for length of main roots, raumber and percentage of roots
obtained (Appendix Table 6).

Table 6. Mean number of main roots, root length enating efficiency in a full strength
MS medium supplemented with different IBA concetinas, transformed mean are
indicated as +SD (actual mean)

IBA No. of main roots Root length(cm)  Shoots rooted

0 1.23+0.10(3.30) 1.1Z +0.05(7.30) 1.6Z +0.24 (36.7%)
0.25 1.00+0.00(0.00) 1.0°+0.00(0.00) 1.00° +0.00(0.00)
25 1.00°+0.00(0.00) 1.0¢° +0.00(0.00) 1.00° +0.00(0.00)
Lsd(0.05) 0.05 0.03 0.13

cV 5.33 3.00 11.56

Means having the same superscript letters in theaesadolumn are not significantly
different at 5% probability level

The PGR free medium (Figure 3 B) showeghly significant difference in terms of mean
number of main roots (3.30) from a single shoothwveih average length of 7.30 cm and a
rooting efficiency of 36.7% (Table 6). These resudre better than the observations of
Nadgiret al. (1984), Chaturvedst al. (1993) onB. vulgarisandDendrocalamus strictus
respectively. However, this result was less effitithan the rooting of other bamboo
species likeDendrocalamus longispathuend Dendrocalamus hamiltonias reported in

Ramanayake and Yakandawala (1997)
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Figure 3. Rooting response of shoots in a PGR &ee& medium supplemented with
different IBA concentrations: A) 50 mg/l IBA( formeand PGR free after 30 days of
incubation. B) PGR free medium. @) vitro rooted plantlet. D) PGR free medium
supplemented with phloroglucinol.

Alternatively, exposing to a high concentration 8@/l IBA) for 3 to 10 days and then
transferring to a hormone-free medium with charcarad without charcoal also resulted in

diminutive response of rooting , which was lowarthhe results of Ndiaye, (2006).

Therefore, the wide range of hormone types aneémifft concentrations could not result in
satisfactory level of rooting as vitro rooting of bamboo could no more be hastened by the
application of exogenous rooting hormones as indicaby EI Nouret al (1991).
Availability of endogenous hormone suppressed fogenous effect (Andrew and Bonnie,
2004).

However,in vitro rooting in PGR free medium followed lex vitrorooting of these shoots
that fail to bear roots on this medium produceénesting rise in the overall efficiency of
maximum plantlet acclimatization at the same tirdence, an average percentage of

63.3% could be attained following this procedur@tighout the propagation scheme.

34



Experiment 4. Acclimatization of plantlets

After a month, of the 30 shoots for vitro rooting and 30 shoots transferred &x vitro
rooting, 25 plantlets frorm vitro rooting ( Figure 4 B) and 13 froex vitrorooting (Figure
3 C) were survived that account 83.3% and 43.3%naatization efficiency, respectively .
In the acclimatization ah vitro rooted plantlets, this experiment resulted coasistesults
with the works of Sanjay and Saint, 2003 and Bisl.,2010.

Figure 4. Acclimatization of bamboo plantlets mpr@pagatedn vitro; A) Survived
plantlet on the tray in the f(day. B) Plantlets obtained from thia vitro rooting step

and transferred to the plastic pots. C) Plandetdimatized byex vitrorooting.
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5. SUMMARY AND CONCLUSIONS

Bamboo, a treelike grass, is an economically, #gaad ecologically useful plant in the
world. It has numerous benefits ranging from cartion, furniture, textile, charcoal,
paper and energy up to various forms of foods aedicmal values. However, due to
eventual death after flowering, the Ethiopian bamb@diversity is currently in danger.
Hence, micropropagation could circumvent this thraad help the future commercial

plantation and income generation from this sector.

Nodal explants are probably the best explant tgsethey can have active buds that could
easily sprout during initiation in a culture mediand are easier during sterilization and
preparation for culture. Sterilization of nodal &qgs by using 2% sodium hypochlorite
solution for 10 minutes, followed by rinsing alcélfor a minute and then 1% for 10

minutes again produced up to 100% contaminatiea &nd effective initiation.

In active months (October-January), explants cbeldhitiated in a week especially if BAP
(2.5mgl* in MS medium) is supplemented. Plant growth ragul free MS medium also
produced initiation of these explants but subsetiyéime shoots become taller without any
further auxiliary buds that can further supporthe next stage of multiplication. Multiple
nodes from a shoot in tissue culture media podeudlify to establish themselves than the
efficiency of multiple auxiliary buds that can gfefate from a single explant. Hence,
incurring small amount of BAP (2.5 mYlcan produce strongest multiple shoots even in

the stage of initiation

In vitro multiplication, which is the most critical stepnmass propagation, can be done by
establishing 2 cm long shoots in a medium suppléadewith BAP and Kinetin. Within
three weeks, greater than fivefold (5.9) shoots ageved from a single explant in thé 1
stage of multiplication prior to sub culture in MBedium supplemented with 2.5rgl
BAP and 1.5 mgt Kinetin.

However, the combinations of hormones tend to actat® in the shoots in successive
stages of subculture. Hence, the MS medium suppledenith 1.5 mgt BAP and 1.5
mgl™* Kinetin resulted in better response (5.68) of iplétshoot production from a single

explant after the '3 stage of subculture. Therefore, the first two esagf multiplication
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should be supplemented with 2.5fhgBAP and 1.5 mgt Kinetin and the next two
consecutive steps should be augmented with the icatitn of 1.5 mgf BAP and 1.5

mgl* Kinetin in the MS multiplication medium.

Up on three subculture times, more than 1000 explean be obtained from a single shoot
inoculated in to multiplication medium in three ntiosm of time. Having in mind that, at
least two plants with independent auxiliary bud preduced from a single explant from
initiation, more than 2000 shoots could be readyrdoting from that single nodal bud of
initiation. Multiplied shoots should be kept inogrth free medium for at least 15 days so

as to reduce the inhibiting effect of cytokininagooting.

In vitro rooting of bamboo shoots is one of the proceskas ftosed difficulty in the

effectiveness of bamboo mass propagation progremtiis study, plantlets rooted in a full

strength MS medium. The roots were long (>7cm) anleéast three main roots in a single
plant were obtained in the PGR free medium. In daise, the efficiency of rooting was
36.7%. Addition of rooting hormones in to the PGReffull strength MS medium caused
drying of shoots. On the other hand, modificatidrother MS media constituents such as
phloroglucinol, boric acid, calcium and iodine, winiare believed to increase root

sprouting, could not improve the rooting percentage

Direct ex vitrorooting of the shoots that fail to bear roots urideritro conditions was also
another possibility utilized as alternative in ard® acclimatize maximum possible
plantlets. Hence, more than 43% vitrorooting and survival rate was acquired. This resul
alarms that, some components of MS medium othar tbating hormone need to be
modified and further studied. Hence, the whole expent of the final rooting frequency

reaches at least 63.3% from the shoots in a soogisecutive experiment.

Young plantlets should be maintained in a greenba@andition, where the plantlets are
kept in the trays covered with plastics to maintaumidity. Hence, 83.3% of tha vitro
rooted and 43.3% of thex vitrorooted plantlets (which were acclimatized simudtausly

with the rooting step) were ready for field plagtin

In conclusion, bamboo tissue culture could be ostergial option in order to control the

ever devastating loss of bamboo biodiversity cutydmappening in Ethiopia. It could save
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the lives dependent on bamboos and start gettisgaisable returns from this solid
business. Besides this, this plant is a sourcemanh instruments and cultural figures of
Ethiopian restaurants and recreation centers witiodern style. Thus, micro propagation
of O.abyssinicanot only helps the biodiversity from loss or fuimes the green

environment; it can substantially help in fabringtigenetically uniform, vigorous and
sustainable supply of plantlets for commercial@matthat proponent the national income

and international market.

The biology of bamboo plant is something astonigltirat requires close scrutiny. Bamboo
is a woody grass that has a nature of grassesrapérgies of woody plants. Due to this
case, it dies soon after flowering like any othe@mmbers of the grass family. On the other
hand, it needs too many decades to flower likeahgr woody plants. As a resuh, vitro

direct regeneration is a first step to clutch tlepin laboratory conditions. The successive
experiments of protocol optimization in this studgve resulted in promising results for

mass propagation bamboos unigkevitro conditions.

Therefore, the protocol for mass propagation shdaddstarted by inoculation of nodal
explants in MS medium supplemented with 2.5Im@AP for initiation followed by
multiplication of shoots by adding 2.5migBAP and 1.5mgt Kinetin for the first two
stages of culture growth and 1.5 MdAP and 1.5 mgt Kinetin for the 3 and 4" stages
of culture growthln vitro rooting of shoots in full strength PGR free MS mea andex
vitro rooting of the shoots that fail to beer roatsvitro is preferable way of getting
maximum percentage of acclimatized plantlets. Awatization should be done in glass

house by covering the plantlets with plastic soiber aheir discharge from the laboratory.

For the future, the seasonal effects of bud spngun bamboo mass propagation scheme
should be further studied in Ethiopian conditio®® the other hand, the vitro rooting
needs further refinement on basal medium to impribze rooting percentage. Somatic
embryogenesis from different explants should bdetesOncein vitro regeneration
methods are optimized, further works regarding bammibiology and biotechnology,
specially gene transfer via agrobacterium rhizogesequencing and transfer of rooting
gene and metabolic profiling for genetic improvemstudies of flowering should go

forward.
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Appendix 1. The media composition and ANOVA tables

Appendix Table 1. Composition of MS medium

MURASHIGE and SKOOG (MS) (1962) media

Volume of stock
Code Nutrient Stock solution (g) for 1L Full MS
media
Ammonium nitrate (NENO3) 33.0 In 1000
LSt Potassium nitrate (KN 38.0 mi 20l
Magnesium sulphate (MgS@JH,0) 18.07
Manganese sulphate (Mn%8,0 1.69
MS2 Zincgsulphate (zpnso7|(420) ! 0.86 | m>00ml 5ml
Copper sulphate (CuSGH,0) 0.0025
Calcium chloride (CaGI2H,0) 33.22
MS3 | Potassium iodide (KI) 0.083 | In 500 ml 5 mi
Cobalt chloride (CoCl.65D) 0.0025
Potassium dibasic phosphate 170
(KH2PQOy) '
MS4 Boric acid (HBO3) 0.62 | NS00 mi 5ml
Sodium molbdate (N#00,4.2H,0) 0.025
NaEDTA 3.726
MSS5 on sulphate (FeSOrH;0) e | metl ul
Myo-inositol 10.0
Glycine 0.2
MS6 | Thiamine HCI 0.01 | In 500 ml 5mi
Pyridoxine HCL 0.05
Nicotinic acid 0.05

* In preparation of stock solutioesch nutrient should completely dissolve separatelp
distilled water before adding the next nutrienttitee final volume should be adjusted by
adding distil water.

e During preparation df1S5; Na EDTA and iron sulphate should be dissolved invater
separately and after dissolving add iron solutieer&DTA: NEVER THE OPPOSITE
WAY .

Plant growth regulators (PGRs) chemical specificatin
e When preparing PGRs: they should be preparedati@af 1mg : 1ml

» To get PGRs dissolved: add few drops (4-5) of digetsolvent after dissolve completely
adjust the final volume by adding distill water

PGRs Solvent
BAP, BA, 2ip, IBA, TDZ, Kinetin, NAA, NaOH (1N)
Zeatir
GA3, EtOH

45




Appendix Table 2. ANOVA summary for the effect of BAP onin vitro

initiation of O.abyssinica

Dependent Var. Source DF Sum of Square Mean Square F Value Pr>F
Days to initiation BAP 6 20059524 3.37009921 102.69 <.0001
Error 35 1868333 0.03281810

Total 41 28922857
% Regeneration BAP 6 3062250 510.377377 2.55 0.0371
Error 35 6992.79247 199.79407
Total 41 10055.05673
Shoots per explant BAP 6 6.618BY 1.10023810 86.62 <.0001
Error 35 0.44458333 0.01270238
Total 41 7.04601190
Nodes per shoot BAP 6 1252381 1.92033730 117.83 <.0001
Error 35 0.57041667 0.01629762
Total 41 12.09244048
Shoot length BAP 6 24762 5.22037460 171.43 <.0001
Error 35 1.06580000 0.03045143
Total 41 32.38804762
R-Square Coeff Var Root MSE  Mean
Days to initiation 0.946248 3.785384 0.181158 4.785714
Percentage of regeneration 0.30455015.29202 14.13485  92.43286
Shoots per explants at initiation 0.936903 .088720 0.112705  1.394048
Nodes per shoot at initiation 0.952829 6.774238 0.127662  1.884524
Length of shoots at initiation ~ 0.967093 4.182823 0.174503 4.171905
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Appendix Table 3. ANOVA summary of effect of BAP ad Kinetin on in vitro
multiplication of O.abyssinica at the first stage of culture growth
Source DFSum of Squares Mean Square F Value Pr>F

Shoots per explant BAP 4 170700  43.0026750 1021.85 <.0001
KIN 3 133.5205500  44.5068500 1057.590001
BAP*KIN 12 45437000 4.5536417 108.210061
Error 180 7.5750000 0.0420833

Total 199 367.7499500
Nodes per shoot BAP 4 103000 2.98007500 104.58 <.0001

KIN 3 7.15615000 2.38538333 83.7k.0001
BAP*KIN 12 025210000 1.67934167 58.94 0610

Error 180 5.12900000 0.02849444

Total 199 44.35755000
Shoot length BAP 4 .08630000 19.27157500  222.22 <.0001
KIN 3 17.49993750 5.83331250 67.260001

BAP*KIN 12 32.94350000 2.74529167 31.66 100
Error 180 15.6102500 0.0867236

Total 199 143.1399875
R-Square Coeff Var Root MSE Mean

Shoots per explant 0.979407.391181  0.205142  2.775500
Nodes per shoot 0.884377.490702  0.168803 2.253500
Shoot length 0.8909445.788761  0.294489 5.087250
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Appendix Table 4. ANOVA summary of effect of BAP ad Kinetin on in vitro
multiplication of O.abyssinica at different stages

Dependent Var. Source DF Sum afsfées Mean Square F Value Pr>F
Shoots STAGE 3 70018750 0.56672917 7.33 0001
per BAP 1  0.33306250 0.33306250 4.310.0397
Explant KIN 1 39.10506250 39.10506250 505.71 0610
STAGE*BAP 3 8468750 2.30822917 29.85 <1000
STAGE*KIN 3 .02568750 3.00856250 38.91 <1000
BAP*KIN 1 9.16806250 9.16806250 118.56 0&10
STAGE*BAP*KIN 3 3.600880 1.20022917 15.52 <.0001
Error 144  11.13500000 0.07732639
Total 159 80.99243750
Nodes STAGE 3 .92925000 0.30975000 7.61 €100
per BAP 1 1.02400000 1.02400000 25.16:.0001
Shoot KIN 1 10.20100000  10.20100000 250.67 G100
STAGE*BAP 3 18350000 0.39616667 9.74 <1000
STAGE*KIN 3 17650000 0.39216667 9.64 €100
BAP*KIN 1 0.07225000 0.07225000 1.78 .1848
STAGE*BAP*KIN 3 0.562060 0.18741667 4.61 0.0041
Error 144 5.86000000 0.04069444
Total 159 21.01375000
Shoot STAGE 3 7.32150000 2.44050000 48.72 0061
length BAP 1 7.56900000 7.56900000 151.09.0001
KIN 1 36.29025000 36.29025000 724.400001
STAGE*BAP 3 .01650000 0.33883333 6.76 0030
STAGE*KIN 3 .M®625000 0.26541667 5.30 00M
BAP*KIN 1 0.93025000 0.93025000 18.57.0081
STAGE*BAP*KIN 3 1.646Q60 0.54875000 10.95 <.0001
Error 144 7.21400000 0.05009722
Total 159 62.78400000
R-SquareCoeff Var  Root MSE  Mean
Shoots per explant 0.862518 5.625519.278076  4.943125
Nodes per shoot 0.721135 9.41008R.201729 2.143750
Shoot length 0.885098  4.28521 0.223824 5.260000
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Appendix Table 5. ANOVA summary of effect of BAP, G\zand NAA on in
vitro multiplication, elongation and preliminary ro oting of O.abyssinica
Dependant Var. Source DF Summfddes Mean Square F Value Pr>F

BAP 2 6.80860136 3.40430068  926.4.0001
Number
of GA 2 0.51412385 0.25706193 287.0.0011
shoots/Explant ~ NAA 3 .98336988 3.32778996  94.25 <1000
BAP*GA 2 4.62939467 2.31469733  65.560001
GA*NAA 4 2.67684837 0.66921209  18.850001
BAP*NAA 1 0.00000000 0.00000000 0.00.0000
BAP*GA*NAA 4 00879978 0.22719994 6.43 01000
Error 95 3.35416667 0.03530702
Total 113 23.57017544
Shoot length BAP 2 57.4021832 28.7010916 382.95 100
GA 2 2.1370906 1.0685453 14.26 <.0001
NAA 3 226.4690351  75.4896784 1007.24.0001
BAP*GA 2 10.6536501 5.3268250 71.07 <.0001
GA*NAA 4 24.6029094 6.1507273 82.07 <.0001
BAP*NAA 1 0.0000000 0.0000000 0.00 1.0000
BAP*GA*NAA 4 8707943 0.2176986 2.90 0.0257
Error 95 7.1200000 0.0749474
Total 113 282.3407018
R-Square Coeff Var Root MSEMean
No. of shoots/explant 0.8576949.499239  0.187902  1.978070
Shoot length (cm) 0.97278 6.483014  0.273765 4.222807
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Appendix Table 6. ANOVA summary of effect of IBA onin vitro rooting of

O.abyssinica
Dependent Var. Source DF Sum of Squares anNBgjuare F Value Pr>F
Number IBA 2 0854187 0.17427093 53.020081
of Error 27 0.08874279 0.00328677
Main roots  Total 29 0.28465
Root length  IBA 2 07ED022 0.04875011 50.000081
Error 27 0.02632548 0.00097502
Total 29 0.12382570
Percentage IBA 2 563206 1.29250103 66.300081
of Error 27 0.52634461 0.01949424
Rooting Total 29 31BU666

Rire Coeff Var Root MSE  Mean

Number of main roots
Root length (cm)
Percentage of rooting

0.797059 236  0.057330 1.076217
0.83083111.56226  0.139622 1.207565
0.787399 .008532  0.031225 1.040311
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Appendix 2. Mother plant preparation explants prepaation and inoculation of
nodal cultures.

Appendix Figure 1. One year old mother plants oD.abyssinica grown in a
glasshouse.

Appendix Figure 2. Preparation and inoculation of &plants.

A) Surface sterilization of explants with 2¢acio and two drops of tween 20 solution. B)
Explants ready for inoculation. C) A culture vessahtaining 5 explants soon after culture.
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