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ABSTRACT

The experiment was conducted at the Plant Tissuéur@u Laboratory,
Department of Horticulture and Agricultural Biotexiogy, YAU from 2015 to 2016.
Three selected potato cultivars, Up-to-date, L-dd Atlantic were used in this study. In
initial culture, RCB design was used with 4 repii@as and treatments were three potato
cultivars. There were two main experiments in #gtiegdy: meristem culture and shoot tip
culture.

In experiment I, two factors factorial arrangemenRCB design was used with
4 replications. The meristem explants, were usedsfmots induction in three potato
cultivars as factor A, using 9 different combinagaof 6-benzyl aminopurine (BAP) 0.0,
1.5, 3.0 mg.L* and gibberellic acid (G4 0.0, 0.3, 0.6 mg.t as factor B. The meristem
explants produced hundred percent survival shaotmedium both supplemented with
1.5 mg.L'BAP in combination with 0.6 mg:tGA; and 3.0 mg.'BAP in combination
with 0.3 mg.L'GA; for all tested cultivars. From this experiment, gh®ots induced by
Up-to-date were used for shoot multiplication dodétter response in meristem culture.
For shoot multiplication, three different combimais of plant growth regulators (PGRS)
0.05 mg.['Naphthalene acetic acid (NAA) in combinations witéo levels of 1.0 and
0.5 mg.L'BAP, and PGRs free as control were used as tret&nme’ x 4 RCB design.
Among all treatments the significantly longest shéength was observed in shoots
developed on PGRs free medium. Microtuberizatios dane to evaluate the effects of
two different concentrations of sucrose 6%, 8% w@vmilevel of BAP 3 mg.L, 5 mg.L*
using RCB design with 4 replications. Plantletsadeped on medium supplemented with
8% sucrose and 3 mg'BAP showed 100% microtuberization and gave theektrgized
tuber in meristem culture derived explants.

In experiment II, shoot multiplication of shoot tqulture derived three potato
cultivars, 3 factor factorial in RCB arrangementswesed with 4 replications, factor A
was three potato cultivars, factor B was 3 differenmbinations of PGRs used in
experiment | and factor C was 2 culture systemid smd liquid culture. Liquid culture
system was superior to solid MS in such growth mp&tar as shoot length, no. of nodes,
no. of roots and fresh weight. PGRs free providee Ibest result in liquid medium.
However, 0.05 mg.ENAA and 0.5 mg.[*BAP combination was suitable to use in solid
medium. For microtuberization of shoots derivednfrehoot tip culture, the same

treatments of sucrose and PGRs applied in expetimevere used in three potato
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cultivars. L-11 cultivar provided 100% microtubexiion in medium supplemented with 8
% sucrose and 5 mgBAP. Medium modified with 8% sucrose and 3 mfBAP
combinations gave 96.43% microtuberization in Lahtl 92.85% Up-to-date cultivar. In
comparing meristem culture with shoot tip culture Wp-to-date cultivar, meristem
explants provided better performance in shoot mlidation, microtuberization and size
of microtuber. In confirmation of plantlets devedapfrom meristem culture by using
“POCKET DIAGNOSTIC”, these plantlets were free frgmotato five multivirus and

Rhizotonia solanacearum.

Keywords: PGRs, shoot multiplication, explants, meristemurel, microtuberization
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CHAPTER |
INTRODUCTION

Potato Solanum tuberosum L.) is an important food and cash crop with a high
nutritional value that gives better nutrients peait wlarea per unit time than any crop
(Lemaga et al. 2009). It is the fourth largest fowdp and one of the most widely
distributed crops in the world (Zhang et al. 20@¥)cording to the World Potato Center's
research, worldwide demand for potato will excdett bf rice, wheat or corn by 2020. It
is also regarded as a high potential food securdp because of its ability to provide a
yield of high quality product per unit input withshorter crop cycle (mostly<120 days)
than major cereal crops like maize (Hirpa et all®0Moreover, potato is a good cheap
source of carbohydrate and provides vitamin, misenarotein and most of the trace
elements which can meet the energy requirementsthef developing countries
(Irfan 1992).

Asian countries occupy 40% of the world potato pibn area. In Myanmar,
according to DAP (2015) the total potato growingeais 37,000 ha with an average yield
of 15.11 t hd that amounts to a total production of 551,000 tafois also one of the
main culinary crops and a promising profitable ctopMyanmar growers, so cultivation
of potato is being extended to the arable landdyanmar. It can be grown all year round
depending on season of planting. The hilly regionShan State are the most important
potato production area with 60% of total nationadduction whereas the central region
of the country occupies 17%. In 2015, the totalisgvareas in Shan State are 21874 ha
with average vields of 15.27 t h§DOA Shan State 2015).

The most widely-grown cultivars in Shan State aggtttdate (Sit Bo), L-11
(Shwe Heho) and Atlantic. Among them, Up-to-datéivar is being grown all of the
potato growing seasons. Because of its good eafiradjity and good storage quality,
Up-to-date cultivar has been recommended as a gatitvar by the potato growing
farmers. But it was introduced in 1915 and now sciigd to degeneration. Moreover, it is
highly susceptible to late blight, which is consele as one of the constraints for yield
and production of potato (Myint 2001). Another ldikght resistant cultivar is CIP-
393371.157, serial number L-11, newly introducezhel from CIP (International Potato
Research Center) since 2006. Because of its laghthiisease resistance, the potato
growers' preference and demand is increasing. Afeas(1984) reported that the

physiological quality and safety of seed tubers @me of the most important factors



influencing potato yield. Mass production of disedeee, high quality seed tubers for
potato growers is required. Moreover, it is neetibeslet up a suitable protocol frvitro
regeneration of potato cultivars to produce qualégd tubers (Pronk 2015).

In vitro propagation methods using meristem culture, noclatings and
microtubers are more relied for maintaining genatiegrity of the multiplied clones
since de-differentiation and the subsequent orgamegs/ embryogenesis with the
accompanying genetic changes have been reportédabg and Hu 1982. Meristems are
free from viruses, regeneration of virus free paste possible through meristem culture
(Jha and Ghosh 2005). Commercial production of adisefree microtubers for the
enhancement of potato yield throughvitro techniques along with traditional procedures
can provide the excellent result (Faccioli and @Gdbarini 1996).

The availability of tissue culture technology faprd multiplication of disease-
free planting material has facilitated potato seeoduction to a great extent (Dodds
1992). Moreover, micro-tubers have tremendous ddgas in terms of storage,
transportation and mechanization. They can direoysown into the soil and can be
produced in bulk in any season. They also havelaimorphological and biochemical
characteristics to field produced tubers. Thereforass production of potato micro-tuber
is likely to revolutionize the world potato prodiget (Akita and Takayama 1994).

One of the problems in potato seed tuber produdsodegeneration, causing
decrease in yield and quality of potdt®hibli et al. 2001). In general, increase sucrose
concentration can increase the percentage anchessliof microtuberization. In our
country, there are less technique for potato tissiiere and microtuber production.

Plant growth regulators (PGRs) are the most impoftctors in the regulation of
shoot propagation. The previous findings indicdted the action of NAA, BAP and GA
improved growth and development of plantlets (Fafed Diro 2013). Badoni and
Chauhan (2009) found that MS medium supplemented wombination of GA and
NAA is good for shoot regeneration than the combinatioKkinetin and NAA in potato
cultivar Kufri Himalini. Tissue culture propagatianethod has high cost due to usage of
hormones, media and other factors. Therefore, ieeded to reduce cost for tissue
culture without compromising the quality of vitro plantlets. Prakash (1993) classified
invitro culture media into two groups; liquid and solid n@ed&olid media is prepared by
adding a solidifying agent into the liquid mediaseJof liquid culture media showed
better shoot and root growth in many plant spe@shrotra et al. 2007)Pierik (1997)



pointed out that high shoot proliferation in liguitedia could be due to availability for
ease of uptake of water and nutrients and closatacb between explants and the
medium. However, plantlet can suffer from hyperigity due to lower concentration of

gelling agent in liquid media. Kuria et al. (2008)s0 reported that higher biomass
accumulation is found in liquid media than in solitedia. The growth of the nodal
sections of potato plantlets in liquid and soliddmen, the plantlet in liquid medium

showed better and more vigorous growth than theraihe (Qureshi et al. 2014).

It has been observed that low agar concentratiooulture media increase the
growth of certain potato species cultivaiadvitro (Debergh 1983; Rossel et al. 1987),
due to increased availability of water and dissdlgabstances to the explants which on
the other hand also lower the cost of productiamr.tRese reason, the present study has
been designed to observe the growth response efap®d potato plantlets on solid (with
agar) and liquid (without agar) media with differ@ombination of PGRs and its effect
on potato micropropagation and also microtuber pectdn on different levels of sucrose
and BAP for disease free seed tuber production easenined according to the following
objectives:

1. To investigate the different responses of selegiethto cultivars on PGRs
combination in meristem culture

2. To examine suitable culture system, PGRs and sei@ombination foiin vitro
multiplication and microtuberization of the seletmotato cultivar

3. To compare the responses of meristem and shootiltipre on multiplication and
microtuberization effiency

4. To confirm virus free plantlets developed from retm culture



CHAPTER II
LITERATURE REVIEW

2.1 Potato Crop

Potato is a leading vegetable and the main casp ofothe world. It is a
wholesome food and a good source of carbohydratesnins, minerals and proteiht is
originated in Andes of South America. The potata @icot plant belonging to the family
Solanaceae and the genBdanum. This is a large genus and contains 2000 species.
According to the latest classification, the genas been divided into two sub geneses,
Pachystemonum and Leptostemonum. Pachystemonum has been further divided into five
sections, of which section potato contains mogheftuber bearing species (Thamburaj
and Singh 2001). Traditionally potato was adoptsdaacommercial food crop in
temperate climate, mainly in Europe. As a crop ighhbiological value for its starch,
protein and substantial amount of vitamins, mireeadd trace elements, it is undoubtedly

an important crop (Gebre et al. 2001).
2.1.1 Potato production in the world

The potato crop productivity average in Africa, &sand Latin America has
increased 44 percent, 25 percent and 71 percapigctvely, within a 30 year-old period
(FAO 2001). Potato production and vyield vary coasithly among countries in Latin
America. Bowen (2003) stated that potato is exceexdy by wheatTriticum aestivum
L.), rice Oryza sativa L.), and maize4ea mays L.) in the world production for human
consumption. Potato provides nutritious food imedse environments. The major world

producers, in order of production, are China, Indilraine, United States. (FAO 2015).
2.1.2 Potato as a food crop and raw materials

Potato is an important human food with wider adaility potential to fill the gap
between food needs and cereals. The importanceggtables in human nutrition is well
known. In a country with limited resources, whene nutrition level of the population
has to be maintained under unfriendly situatiohs, gotato has a special value as food
(Saini 2001).

2.2 Potato Tissue Culture

Potato is amenable to a number of tissue cultutentques ranging frorm vitro
propagation via shoot culture to regeneration obliplants from protoplasts. In general

these all involve the growth of plants, cells, uss and organs in sterile condition,



supported by an appropriate culture medium. Tissutire media normally contain a
mixture of major and minor salts, vitamins, sugas & carbon source) and plant growth
regulators. The most widely used media formulatiaresbased on that of Murashige and
Skoog (1962), which is available commercially (K4g87).

Potato is usually propagated asexually by meanshars (Rahman et al. 2013).
In vitro regeneration of potato is easily done from differerplants on MS medium
supplemented with different auxin and cytokinin fliseases free good quality seeds and
pathogen free planting materials. Both callus itiduc and plant regeneration from
explants require the appropriate combinations aodcentrations of plant growth
regulators in the culture media. BAP, zeatin orekim helps to produce adventitious
shoots (Ehsanpour and Jones 2000).

Rapid multiplication is used to obtain large numbikeclonal plants while multiple
shoot induction leads to production of disease ne¢her plants and seed tubers in large
number. Tissue culture offers an excellent techmitpr rapid multiplication of potato
plant (Tovar and Dodds 1986).

2.3 Potato Meristem and Shoot Tip Explants

Smith and Murashige (1970) accomplished the fins¢ tmeristem culture of an
isolated shoot angiosperm meristem into a comppdémt. Meristem tip culture of
cassava became popular and research was oriemtadd®elimination of virus disease
for recovery of healthy clones in 1980s (Kartha &wmborg 1975). Meristem culture
technique has been applied to many crops, espeuitdjetative propagated crops such as
potato, over the last 40 years to eliminate virdsa® important cultivars (Bhojwani and
Razdan 1983; Hartmann et al. 1990).

Shoots develop from a small group of cells knowrstasot apical meristem. The
apical meristem maintains itself, gives rise to n@sues and organs, and communicates
signals to the rest of the plant (Medford 1992)o@Hips and meristem-tips are perhaps
the most popular source of explants to initiatsuts cultures. The shoot apex explant
measures between 100 to 5@ and includes the apical meristem with 1 to 3 leaf
primordia. The apical meristem of a shoot is thdipo lying distal to the youngest leaf
primordium (Cutter 1965), and is ca.1@fn in diameter and 25Qm in length with
800-1200 cells. In practice, shoot-tip explantsmMeein 100 to 100@m are cultured to
free plants from viruses (Quak 1977).

Ebadi et al. (2007) demonstrated that the bestunedor meristem culture was
MS containing 0.1 mg.t NAA and 0.25 mg.[> GAs. Nagib et al. (2003) stated that the



best media for meristem culture is the MS liquichtaining 0.5 mg.[’GA; and 0.04
mg.L'KIN, and in subculture phase the larger numberterins root and the larger stem
length was achieved in MS semi-solid, containirdg.L*IBA and 0.5 mg.[!BA. The
best medium for meristem culture and in subculplrase was MS containing GAnd
KIN (Vanaei et al. 2008).

2.3.1 Potato shoots multiplication

In vitro shoot growth and multiplication is a central paftmicropropagation
technology. Lawrence (1981) stated that the maatmrl of the growth regulator
composition and balance is commonly the most sstgéés method of regulatingn vitro
shoot multiplication. The auxin-cytokinin balanegedontrolling root and shoot initiation
appears to be a general phenomenon among plantagMge et al. 1974 and Murashige
1977).

2.4 Production of Microtubers and Minitubers

Microtubers are miniature tubers developed vitro under tuber inducing
conditions. They are very small (average weight-180 mg) and convenient for
handling, storage and long distance transportatidiaik and Karihaloo. 2007).
Microtubers are an ideal propagating material fardpcing high quality seed potatoes
(Hussain et al. 2006).

Microtubers have become an important mode of rapidtiplication for seed
tuber of potato. These micro-tubers are utilizedninitubers production in greenhouse
or screen house. Wherever microtuber and minitpbaduction technologies have been
implemented, they have halved the field time nemgs$or conventional method to
supply to the commercial growers (Zakaria et aD80 Differential response between
potato cultivars dependence of microtuber prodactias influenced by genotype under
the same environment conditions, these processesregulated by specific gene
expression patterns (Bachem et al. 2000; Gargaettial. 2009).

The use of microtubers in storage and exchangesphglasm and seed potato
production is advantageous (Seabrook ei@93; Rannali et al. 1994Microtubers are
the first generation of potato seed from tissuéuce) being used to solve the problems of
transplanting the plantlets fromvitro to in vivo conditions. They can be planted directly
in the soil and they can be produced in any pevioithe year (Nistor et al. 2010). These
from meristem grown and/or regenerated microplamts now produced and used in

Australia, Brazil, Chile, China, Ecuador, India,dtmesia, Kenya, Korea, Peru,



Philippines, Taiwan, UK, Vietnam and even in Badglsh as disease free seed (Hossain
et al. 2005). The technique is controlled by vasiphysical (light, temperature etc.) and
chemical (growth regulators) factors. Among the rmembmponents, sucrose played an
important role in the induction and developmentpofato microtubers om vitro and
BAP promoted initiation and growth of microtube¥ofg et al. 1996).

2.4.1 Effects of sucrose on microtuber production

Nistor et al. (2010) stated that sucrose is thetrooscal stimulus for inducing
microtubers at high concentration. It is a che@vesand superior agent for microtuber
production (Hussain et al. 2006). Al-Abdallat andw&an (2002) proved that better
microtuber yield was obtained when medium appliétth % sucrose and 5 mg‘BAP
and kept under complete dark condition. The respofsariety to microtuberization was
highly dependent on genetic factors (Hossain anu$a1998).

Fufa and Diro (2014) described that microtuberseweat produced at 4% sucrose.
However, when 6% sucrose was added to growth nfetliade” produced microtubers
in 36 days, which is significantly earlier than ttlod “Ararse” 43 days. Increasing the
amount of sucrose from 6% to 8% delay the micratdbemation in both varieties but
more pronounced on “Ararse”. According to Fufa &t (2014), there was observed
decreasing microtuber mean weight (g) in both Wi@seas the level of sucrose increased.
This might be due to the effect of high osmoticaitan of the culture for water uptake
that affects cell turgidity and microtuber weig@eporge et al. 2008).

Increasing sucrose concentrations are efficientniprove in vitro microtuber
production as described by a number of investigatbtotallebi- Azar et al(2013)
reported that the high sucrose concentrations asengial for microtuber induction,
influencing this process through the osmotic effeatd by serving as energy source.
Sucrose converted to starch in microtubers devegppincreased cell division and
expansion of the stolon end are followed rapidlyabsnassive deposition of starch and
storage protein as a result of coordinated expyassf genes involved in starch and
protein biosynthesis, accumulation of starch leamlsncrease in size and weight of
microtubers (Prat et al990; Visser et all994).



2.4.2 Effects of light on microtuber production

Light has two main functions in plants. First,sta free and unlimited source of
energy of efficiently harnessed by photosyntheSlecond it provides information
enabling plants to become oriented in space and (Wanterhalter et al. 2008). Hossain
et al. (2015) reported that the highest microtulnember, size and weight were at 8%
sucrose kept under 10 days light duration befonet ke continuous darkness in both
tested cultivars. Differential response betweenietias dependence of microtuber
production agreed well with the results by otherkeos who reported that genotypes
under the same cultural conditions showed a widgeeaof variations in their growth
pattern (Gopal et al. 1998; Srivastava e8f12; Singh et al. 2001), these processes are
regulated by specific gene expression patternsh@acet al. 2000; Gargantini et al.
2009).

Al-Hussaini et al. (2015) proved that modificatiohenvironmental factors, such
as photoperiod is very important, darknater light duration were reported to increase
microtubers by enhanced tuberonic acid synth@tiemically very similar to jasmonic
acid) which plays an important role in tulbermation duringn vitro condition.

Hussain et al. (2006) observed that the complesewoily was an essential factor
in tuber induction. Cultures kept under 16 hr, pipetiod were not able to produce
microtubers. During incubation under light, &4 synthesized which inhibits tuber
induction while darkness enhanced tuberonic aardh®gis. Dobranszki et 1999) and
Donnelly et al(2003) demonstrated that microtuberization effickehas been increased
by short day’s exposure or continuous darknessnduculture condition. The potato
shoots grown with 16 hr photoperiod when placedutaler darkness induced tuber
formation (Zaida and Elizabeth 1991).

2.5 Plant Growth Regulators (PGRS)

In the whole plants, auxins play a role in photptsm and geotropisim, apical
dominance, root induction, and wounding responsesgeneral, auxin promote cell
division, enlargement and root initiation. Natuead synthetic auxins most commonly
used in tissue culture are Indole-3-acetic acidAfjlAIndole-3 butyric acid (IBA),
1-Naphthalenacetic acid (NAA), 2,4-Dichlorophenacsstic acid (2,4-D), and 4-amino-
3,5,6-trichloropicolinic acid or picloram (PIC) (Gan et al. 1997).

Cytokinins were discovered for their ability to prote cell growthin vitro. In the

whole plant, cytokinin plays a role in a variety mbcesses including cell division and



differentiation, delay of senescence, developménthéoroplasts, resource uptake and
allocation, nodulation in legume species, vascd&relopment, as well as initiation and
development of shoots. In tissue culture they ueealleviate apical dormancy, allowing
shoot proliferation, and to stimulate cell divisiaften in concert with auxins. The
relative amounts of auxins to cytokinins are imaottin determining whether cultures
develop shoots (high cytokinin-to-auxin ratio), t®d¢low cytokinin-to-auxin ratio), or
callus (relatively high levels of both) (Caula 2p1Rlant growth regulator supplements
into the nutrient media is one of the most influgnactors affecting efficiency ah vitro
adventitious shoot development (Mohamed e2@07).

Dixon and Gonzales (1994) recommended that the throegulators are required
in combination in the media as it is always the ipalation and variation of auxins and
cytokinins levels that can successfully change ghewvth behavior of plant cultures.
Among the BAP, CW, and Kin used for shoot prolifema of orchids, BAP influences
shoot proliferation by quick cell divisions to inohilarge number of multiple shoots.
Combination of 3.0 mg:EBAP and 0.2 mg.l'GA; showed the highest survival and the
lowest survivalist was observed when 1.5 migAP and 0.0 mg.EGA; was used
(Yakimova et al. 2000).

Gibberellines (gibberellic acid, GRhare a group of naturally occurring substances
that influence cell enlargement and stem elongatiornthe whole plants, gibberellins
exert powerful effects on stem elongation and sgxession. They also play a dominant
role in dormancy and germination. Commercially,bgitellins are used to increase the
size of seedless grapes. Gibberellins typicallyndbplay a large role in regulation wf
vitro development, although they have been used to eehsimoot elongation before
rooting or to stimulate the conversion of buds isitoots (Gaba 2005).

On virus elimination through meristem culture oftgioes, cv. Cardinal with
1.0 mg.L’BAP give maximum number of shoot per explant, wasrev. Dheera with
1.5 mg.L'BAP give the tallest plantlet. On the other hanglaxts of Dheera and
Cardinal with 1.5 mg.tt of BAP and explants of Diamant, Granula and Cénmi¢h
2.0 mg.L* of BAP produced no roots (Hossain. et al. 2013).

MS medium supplemented with 0.5, 1.0, 1.5, 2.0,md)L* of KIN and IAA in
the combination of both 2.0 mg'KIN and IAA showed the best response to multiple
shoot and root regeneration and minimum time fgeneration. Maximum number of
shoots was regenerated due to the applicationtbfdimoting and rooting hormone but it

was depended on genotype (Hoque 2010). The coreffimes of cytokinin and auxin are
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significantly affected between the treatments dhfmmeristem culture. However, it also

depends on genotypes (Hossain et al. 2013).
2.6 Medium

The medium on which the plant cells or organ afeuced is known as culture or
nutrient medium. The nutrient medium contains iaoig salts, trace elements, certain
vitamins, a carbon source (generally sucrose) avitere needed growth regulators
(Rahbar 1996). During the past decades, many ype®dia have been developed ifior
vitro plant culture (Pierik 1989; Torres 1989) with diint formulations for the specific
plants and tissues (Conger 1981). Some tissuesmédspuch better on solid media while
others on liquid media.

In general, the choice of medium is done by theopse and the plant species or
variety to be cultured. The most commonly used méaoli potato plant tissue culture is
MS medium (Murashige and Skoog 1962). This basaliune is composed of different
kinds and concentrations of organic and inorgaaitss vitamins, phytoharmones and
carbon source. Agar is the most commonly usedmgefigent and an important ingredient
of tissue culture media. Agar quality could afféice plant developmental processes,
especially the regeneration of adventitious shantsroots (Scholten and Pierik 1998).

The growth of shoot culture in liquid and agar-dibled media was compared by
these researchers Avila et al. (1996). They praved liquid media was far superior
increasing the shoot length, number of nodes, stipotweight and root dry weight in
cultivars ‘Spunta’, ‘Kennebec’ and ‘Hunikal’. Theffects of liquid medium was
attributed to increased sucrose and introductiorignid medium resulting from an
improve contact rate. The authors also suggestgokssaibility that the presence of agar
gel matrix physically reduced the diffusion of neits through the medium.

The phenotypic differences in growth rate were olest and the plantlets
cultured on liquid media showed much better groeftshoot and root then solid media
plantlets (Qureshi et al. 2014). In addition toithresults, Qureshi et al. (2014) proved
that comparative studies on growth of potato péstideveloped in liquid and solid
medium revealed that the nodal sections culturetigoind media showed better growth
and are more vigorous as compared to solid medti@.uSe of growth regulators in liquid
cultures proved to be more effective and it is thuéhe direct contact of plant with the

medium.



CHAPTER IlI
MATERIALS AND METHODS

The experiments were conducted at the plant tissliere laboratory, Department
of Horticulture and Agricultural Biotechnology, YiezAgricultural University (YAU)
from January, 2015 to June, 2016.

3.1 Plant Materials

The potato tubers of three commercially grown etégs Up-to-date (local name
Sit-Bo), L-11 (CIP-393371.157/ Shwe Heho) and Atiamvere obtained from the Heho
Seed Multiplication Farm, Department of AgricultiBeuthern Shan State.

3.2 Surface Sterilization of the Potato Tubers

Firstly, each variety of fresh tubers was washét aqueous solution with a few
drops of liquid soap followed by several times edhsvith tap water. Then the clean
tubers were soaked in 1% NaOCI (Sodium Hypochlgride 15 minutes followed by
several times rinsed with sterilized water. Afteattthe sterilized tubers were dried and
placed in ambient and dark condition for 8-10 wetdk¢he sprouting started. As soon as
the sprouting rate reached more than 75% the tulers placed in light condition to

prevent etiolation (Plate 1).
3.3 Initial Culture Media and Condition

Murashige and Skoog (MS) medium (Murashige ando§ki962) was used as
basal medium. The basal medium was prepared byhimeighe powder of MS 4.41 gL
of MS powder (Duchefa, Netherlands) containingi&mins and also supplemented with
3% sucrose, 100 mg-imyo inositol, 200 ml.* coconut water and then added 1 liter of
double distilled water to make up volume. Then ithgture was well shaken by using
electric shaker. The media was adjusted to pH BBsalidified with 0.6% agar (Difco
Bacto agar). Each 150 x 25 mm test tube contaifedllof MS medium. Then the media
was autoclaved at with 15 psi for 15 minutes. Alltares were maintained in culture
room at 25 + L with 16/8 hr photoperiod and 30 umofst using white fluorescent
lamps.

3.4 Initial Culture
3.4.1 Culturing of potato sprouts

The sterilized seed tubers free from disease astlvpere selected and incubated
in culture room for about 28-35 days. Carefullyesétd the healthy and vigorous mother
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seed tubers and sprout of about 6-8 mm in lengtie wet carefully from these sterilized
mother seed tubers (Plate. 1). The excised spveers surface sterilized in 1.0% Clorax
(Sodium hypochloride NaOCI) for 10 minutes usinghwmagnetic stirrer. After that
these sprouts were washed with sterilized distilleder for 3 times and then washed
sterilized distilled water with containing 2-3 deopf twin-20 for 5 times. After that the
sprouts were soaked in 70% ethanol for 1 minutbovi@d by 3 times washing with
sterilized distilled water. Finally, the sproutsreesoaked in 3 mg.MIrimfampicim for 3
minutes. All of the sterilization steps were donehorizontal laminar air flow chamber.
Finally the sterilized sprouts were used as explatite bleached tissue were trimmed
away and 3-5 mm length single explant was inoedlah (150 x 25 mm) test tubes
which contained 10 ml of MS hormone free mediun.th¢ cultures were maintained in
a temperature controlled room at 25 *€2with 16/8 hr photoperiod and 30 pmofsit
using white fluorescent lamps. After 4-6 weeksmaddulation, the sprout explants were
developed into plantlets having 5-8 nodes. Theitro shoots were used as explant
source for nodal cuttings for shoot regeneratiomudfuring again in the same medium at

about 4-6 weeks intervals to get enough numbersdrt experiment (Plate 2).

-~
: L

T

ar

Before sterilized sprout of 6 - 8 mm Inoculated sprout

Plate 1. Sprout for initial shoot tip culture
3.4.2 Experimental design

The experiment was conducted using Randomized @&benBlock (RCB) design
with four replications for each variety and eadatment consisted of 20 test tubes. The

three potato cultivars were used as treatmentrwpaoe their growth.
3.4.3 Data Collection

Evaluations for each treatment were done 5 dags afilture based on following
data and the observations were recorded regulatiy4b days.
() Survival%
(2) Days to Shoot induction
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(3) Shoot length (cm) peexplant
(4) Number of leaves peexplant
(5) Number of nods perexplant
(6) Number of shootper explar

ﬂ L-11 ﬂ Atlantic

Atlantic explant

L-11 explants

Up-to-date explants

bR

i

| ﬂl}lhuhlmmﬂmh

t

|

ey

Inoculation on MS medium Explant for multiplicatiol
6 weeks after inoculatic

Sterilization on shaker
Plate 2. Procedue in initial shoot tip culture
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3.5 Experiment 1. Effects of Plant Growth Regulatos and Cultivars on Production

of Potato Meristem Culture

Thein vitro explants from shoot tip culture four weeks oldnplieis were used as
explants source for meristem culture.

The medium contained 4.41 §Lof MS powder (Duchefa, Netherlands),
containing vitamins, and also supplemented with S#%rose, 100 mg:t myo-inositol.
The MS basal medium was supplement with combinatafrBAP and GA The media
was adjusted to pH 5.8 before autoclaving and #ieled with 0.6% agar (Difco Bacto
agar). Then the media was autoclaved at 15 psi3ominutes. Each 150 x 25 mm test
tube contained 10 ml of MS medium.

The meristem were isolated under laminar horidatalow cabinet using a 50x
magnification with binocular stereoscope micros¢dpe pedicel, immature leaves and
the outer leaf primodia surrounding the meristegiame were discarded one after another
using sharp microsurgical blades and pointed facaptil only the meristem region and
one or two leaf primodia about 0.2-0.3 mm remaihttAs stage, the manipulation was
very delicate and care was taken not to damagmérnistem region. Lastly, a single piece
of isolated meristem was transferred immediatelyeteh test tube containing MS
medium supplemented with combinations of threeeddfit levels of BAP (0.0, 1.5 and
3.0 mg.LY) and three different levels of GA0.0, 0.3 and 0.6 mg1). Then the cultures
were kept at 16/8 hr photoperiod with 25 + 2 °C 80dumol.ni's™. Culture duration for
this experiment was 24 weeks for shoot regeneréBtate 3).

Data Collection
(1) Survival%
(2) Shoot length (cm) per explant
(3) Number of leaves per explant
(4) Number of nodes per explant

(5) Number of shoots per explant
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Developing in vitro shoot
derived from shoot tip culture Dissecting of meristem usir@nocular stereoscopic micrcope
used as explants source for

meristem culture

Shoot developed form

meristem (12 weeks after 40 days after inoculation 023 mm meristel

inoculation)

Plate 3. Procedure for meristem culture

3.5.1 Experiment l.a: Effects of plant growth regulators on shoot multipication of
meristem derivednodal explants of Up-todate cultivar

In that experiment, only shoots induced from-to-date cultivars were used
source explants for meristem shoot multiplica. Solid sh@t multiplication medium wa
composed oMMS medium (Murashige and Skc 1962) supplemented with & (w/v)
sucrose, 0.6% (w/v) ac, 20 mg.L* coconut waterand different PGRs combinatio
After media preparation, pH was adjusted tc.

The experimentalesign for this experiment was RCB with four repiicas. The
MS medium supplemented with combinations of twcelswof NAA (C.0, 0.05 mg.L)
and three different levels of BAP.0, 0.5, 1.0 mg.LY) were used as treatmenThere
were thredreatments ar each treatment was replicated four tinaesl each treatme
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consists of four culture vessels per treatmentrdheere four explants in each culture
vessel. Each vessel consisted of 40 ml solid médthe.culture condition for explants were
16/8 hr photoperiod with temperature of 25 + 2 @ #ght intensity of 30 pmol.rhs™.
Culture duration for this experiment was 6 - 8 week
Data collection
The following data were collected.

(1) Shoot length (cm)

(2) Number of leaves per explant

(3) Number of nodes per explant

(4) Number of shoots per explant

(5) Shoot fresh weight per explant (g)

3.5.2 Experiment 1.b: Combination effects of diffeent levels of Sucrose and BAP
for in vitro microtuberization of meristem derived nodal

explants of Up-to-date cultivar

Single node cutting of 8-10 mm in length consistirigone axillary bud from the
middle portion of 5-6 weeks old plantlets were usad explants source for
microtuberization. The microtuberization medium wesmposed of MS medium
(Murashige and Skoog 1962) supplemented with 0.69%)(agar, 20% (w/v) coconut
water and different concentration of sucrose in lomiaion of various levels PGRs. After
that the culture media was adjusted pH to 5.8 aspedsed to each magenta box. Each
vessel consisted of 50 ml media. Then, all theucellvessels were autoclaved at 15 psi
for 20 minutes.

The experiment was conducted by using RCB desigmo Tdifferent
concentrations of sucrose (6 and 8%) and two diffefevels of BAP (3, 5 mg:) were
used as treatment and supplemented to the basat@d&im. There were four treatments
and each treatment was replicated four times aod gaatment consists of four culture
vessels per treatment. There were four explanéaah culture vessel. Culture condition
for this experiment was 16/8 hr photoperiod witmperature of 18+2 °C and light
intensity of 30 pmol.Ms™ for 15 days and kept in complete dark period fordays.

Culture duration for this experiment was 12 wedNate. 4).
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Data collection
The following data were collected at 12 weeks aftdture in this experiment.
(1) Microtuberization %
(2) Number of microtubers per plantlet
(3) Length of micreotuber (mm)
(4) Microtuber weight (gm)
(5) Microtuber diameter (mm)

Dormancy breaking, acclimatization and detection oVirus
After harvest, normal seed tubers show dormancglfout 1-15 weeks depending

on cultivar, tuber size, conditions before harvastl storage conditions. Small tubers,
such as mini-tubers, have longer period of dormaflaynmen 1993). Struik and
Lommen (1999) suggested that microtubers are mensitsve to adverse conditions
during storage. Microtubers harvested from meristenived plantlets were immersed for
30 minutes by 40 ppm gibberellic acid treatmenusoh and microtubers were placed
into plastic petri-dish and kept in ambient corahs until sprouting (Hassani et al. 2014)
(Appendix - 3).

The sprouted microtubers were grown in sterilized and kept in culture room

transplanted to plastic trays 4 weeks after plantin

Detection of virus by using pocket diagnostic
The potato viruses were checked by using “Pockeigiostic kits” which was
manufactured in UK by Forsite Diagnostics, SandtétutYork YO41 1LZ, UK. That
virus test kits was kindly given by Heho Seed Faigpartment of Agriculture
(Appendix - 4).
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5 weeks old shoot developed Inoculation of nodal explal
from PGRs free treatment of with one axillary bu

shoot multiplication stage was

used as explants source for

microtuberization

Plate 4. Procedure for microtuberization

Complete dark

8T

_ Microtuberization (8 weeks
Covered with black cloth to

induced microtubers after inoculation)
(15 days after inoculation)
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3.6 Experiment 2: Shoot Tip Culture of Three Seleetd Potato Cultivar

3.6.1 Experiment 2.a: Effects of different culturesystems, different combinations
of PGRs on shoot multiplication of shoot tip cultue derived
explants of three selected potato cultivars

Single node stem explants of 8-10 mm in length witle axillary bud were used
as explants for this experiment. The shoots froitmalirshoot tip culture of 5 weeks old
plantlets were used as explants source for micesizdtion. There were two different
culture systems, solid and liquid culture MS mediuiithough the other chemical
compositions and nutrients were the same for balid and liquid culture system, liquid
culture system was prepared without addition ofd§ging agent, plant agar. Each media
contained 3% (w/v) sucrose, 0.6% (w/v) agar supplaed with combinations of two
different levels of NAA (0.0, 0.05 mg1) and three different concentrations of BAP (0.0,
0.5 and 1.0 mg.t). The pH of the medium was kept at 5.8 before @dating and 40 ml
of media was dispensed in each culture vesselsseThegenta culture vessels were
autoclaved at 15 psi for 20 minutes.

The experimental design for this experiment wasdhfiactors factorial in RCB
arrangement with four replications. Factor A was ufferent types of culture systems,
solid and liquid MS medium, factor B was three eiéint PGRs combination of
0.05 mg.L*NAA and 1.0 mg.}BAP, 0.05 mg.'NAA and 0.5 mg.['BAP, and PGRs
free medium. Factor C was assigned for three @iffeselected potato cultivars, Up-to-
date, L-11 and Atlantic respectively.

There were 18 treatments for each variety and ésdtment was replicated
4 times and each treatment consists of 4 cultussels per replication. There were
4 explants in each culture vessel. For solid metia,culture vessel consisted of 40 ml
solid media. But for liquid medium, 150 ml conidédsks were used with containing
20 ml of liquid media and before autoclaving thesmical flasks were capped with
aluminium foil. For multiple shoot induction, ligdiimedium was shaken on horizontal
electric shaker at 100 rpm. The culture conditiondxplants were 16/8 hr photoperiod
with temperature of 25 + 2 °C and light intensify30 pmol.ni's ™. Culture duration for

this experiment was 6-8 weeks.
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Data collection
The following data were collected in this experimen
(1) Shoot length (cm)
(2) Number of leaves per explant
(3) Number of nodes per shoot
(4) Number of roots per shoot
(5) Number of shoots per explant
(6) Shoot fresh weight (g)

3.6.2 Experiment 2.b: Effects of Sucrose and BAP ffan vitro microtuberization of

shoot tip culture derived three potato cultivars

Single node cutting of 8-10 mm in length consistirigone axillary bud from the
middle portion of 5 weeks old plantlets were usscagplants for microtuberization. The
explants sources for this experiment were the |gentdeveloped on the PGRs free
medium of previous experiment and multiplied tofisidnt amount by using single node
explants on PGRs free medium.

The experimental design for this experiment was faaiors factorial in RCB
arrangement with four replications. Factor A waéhselected potato cultivars, Up-to-
date, L-11 and Atlantic and factor B was MS basa&dmm supplemented with two
different levels of sucrose 6% and 8% and two ckifé concentrations of BAP (3 and
5 mg.Lh).After preparing the media, pH of the media wasisted to 5.8 and dispensed
15 ml to each test tube according to the treatm@imsn the test tubes were autoclaved at
15 psi for 20 minutes. Each treatment consistedtekt tubes per replication. Only single
node cutting was culture in a (150 x 25 mm) sizg tabe containing 10 ml media.
Culture condition for this experiment was 16/8 Hromperiod with 18 + 2 °C and
30 umol.ns™ for 15 days and kept in complete dark period fdd@ys. Culture duration
for this experiment was 12 weeks.

Data collection
The following data were collected in this experimen
(1) Microtuberization %
(2) Number of microtubers per plantlet
(3) Length of micreotuber (mm)
(4) Microtuber weight (mg)

(5) Microtuber diameter (mm)
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3.7 Data Analysis

The collected data were subjected to analysis wnee (ANOVA) using statistix
(version 8.0). Treatment means were compared aled%t significant difference (LSD)

level.

Initial Shoot Tip Culture

Experiment I. Experiment II. a

Meristem Culture Shoot Tip Culture

\ 4

Experiment I. a Liquid Culture Solid Culture

Shoot Multiplication System System

\ 4

Experiment I. b
Microtuberiztion

Experiment Il. b

Microtubrization

Minituber Production Minituber Production

S 2 N/

A 4

Virus Detection

Figure 3.1 Flow diagram forin vitro regeneration of meristem and shoot tip culture

of selected potato cultivars.



CHAPTER IV
RESULTS AND DISCUSSION

4.1 Initial Culture: Growth response of three seleted potato cultivars on hormone
free MS medium

4.1.1 Different growth response of three selectedfto cultivars

The different growth responses of three potatavar are described in Table 4.1.
The least days to shoot induction (5.00) days i@ned in Up-to-date cultivar followed
by Atlantic (5.50) and the longest days to shoalugtion (6.25) in L-11.There were
highly significant differences in shoot length petplant (cm) between tested potato
cultivars (Pr>F = 0.01) and the data were describediable 4.1. Up-to-date cultivar
provided the maximum shoot length (4.59 cm), Aiawcultivar (3.07 cm) and in L-11
(2.73 cm) respectively. All of the cultivar gradiyahcreased in shoot length 5 days after
inoculation but a dramatic increase was found intdJdate cultivar 30 days after
inoculation (Figure 4.1). The maximum number of e®ger explant was recorded 9.02
in Up-to-date cultivar. L-11 and Atlantic cultivashowed number of nodes (6.76 and
7.35). Number of nodes produced by initial shgottas uniformly increased 5 days after
inoculation to 35 days after inoculation (Figurg)4.

This finding was agreed with the following reseans) Abe and Futsuhara (1986)
reported that the regeneration potential of miasppgated plants is genotype dependent.
Moreover, Yasmin et al. (2011) reported that th@wvsbrowth rate was found during
potato proliferation stage in such hormone freet effective media. For this study, the
growth of culture shoot tips on MS media suppleraénwith 20% coconut water (cw)
was satisfactory for regeneration. This result egrevith Moeinil et al. (2011) who
reported that best medium for rooting and shootmag solid MS medium without PGRs
supplement.
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Table 4.1 Difference growth responses in initial sbot tip culture of three selected

potato cultivars at 6 weeks after inoculation

Days to Shoot

Survival No. of No. of No. of

Treatment shoot length

% _ _ leaves nodes shoots

induction (cm)

Up-to-date  75.00 a 5.00 b 459a 10.06 a 9.02 a 04d.4
L-11 87.50 a 6.25a 2.73b 7.79b 6.76 b 0.97 b
Atlantic 81l.25a 5.50 ab 3.07b 840ab 7.35ab 0h.0
LSD0.05) 16.12 1.03 1.07 2.23 2.12 0.38
CV% 11.47 10.76 17.86 14.78 15.93 19.79
Pr>F 0.24 0.06 0.01 0.10 0.09 0.05

*Mean value in each column having the same letiemnat significantly different at 5% level.
Data were collected 6 weeks after culture.
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4.2 Experiment I: Effects of Plant Growth Regulatos and Cultivars on Production
of Potato Meristem Culture

4.2.1 Survival percent

The combination effects of plant growth regulatans survival percent of
meristem on three potato cultivars are shown inlddlR2. In the analysis of variance,
there was no significant difference in survival qet per meristem among the different
PGRs combinations (Pr>F = 0.09). There was no t@nizon survival among various
combinations of PGRs.

However, the significant difference was found betwethe tested cultivars
(Pr>F = 0.01). The hundred percent survivals weoenmded in Up-to-date cultivar in all
PGRs combinations and PGRs free, except in MS medaupplemented with
0.0 mg.L.'BAP and 0.3 mg.\GA; and 0.0 mg.!BAP in combination with 0.6 mgt
GAs. This finding is in lined with Ali et al. (2013hey stated that BAP was responsible
for growth and survival of meristem explants.

In L-11 cultivar, hundred percent survival was meleal except in MS medium
supplemented with 0.0 mg’BAP and 0.3 mg.L\GA3, 1.5 mg.L'BAP in combined with
0.0 mg.L*GAs, 1.5 mg.I'BAP in combined with 0.3 mg:1GA; and 3.0 mg.'BAP in
combination with 0.0 mgtGAs. Among all the tested cultivars Atlantic cultivetiowed
the lowest survival rate except the MS medium seipehted with 1.5 mgBAP and
0.6 mg.L*GA;3, 3.0 mg.*BAP and 0.0 mg.L.GAs, and 3.0 mg.'BAP and 0.3 mg.L!
GAs. Therefore, Atlantic variety is sensitive in swadi rate. According to this result, MS
basal medium modified with 0.0 mg:BAP in combined with 0.3 mg:tGA; gave less
survive for all tested cultivars. Therefore, onl@ éhg.L*GA3 in MS base medium should
not be used im vitro meristem culture for these tested potato cultivars

There was interaction between PGRs combinatiomgni@nt and tested cultivars
(Pr>F = 0.01) in survival percent of vitro meristem culture (Table 4.3). However,
Atlantic cultivar gave 25% survivals on PGRs freedinm, 0.0 mg.'BAP and 0.3 GA,
and 0.0 mg.'BAP and 0.6 mg.l\GA; supplemented medium. Regeneration of shoot
from meristem culture, MS medium modified with Infy.L'BAP in combined with
0.6 mg.Ll'GA; and MS medium supplemented with 3 mBAP in combination with
0.3 mg.l.* GA; gave good response. These combinations were uifab shoot
regeneration in meristem culture of the selectadtpaultivars.

Wide variation on obtainingn vitro plantlet through meristem culture was

observed at different treatments (Table 4.3). Haxeas it appears, the higher survival
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percentage of meristem derived plantlets may nat barietal character rather it depends
on many other factors such as size of meristem#)adeof excision of meristem, degree

of temperature and precautions followed during utatton. Virus-free rate depends on

meristem size in regeneration, the highest pergents# plants free of viruses were

obtained from meristems with the smallest size loictv were free of viruses (Danci et al.

2011).

4.2.2 Shoot length per explant

The shoots induced from meristem are significaifiér@nce in shoot length (cm)
among 9 levels of PGRs combinations (Pr>F = 0.0#l)the data were described in Table
4.2. The maximum shoot length 4.67 cm was recondethe medium modified with
1.5 mg.L'BAP and 0.6 mg.l'GA; followed by (4.18cm) in the medium applied with
3.0 mg.'BAP and 0.3 mg..GAs, the minimum shoot leng(0.32 cm) was recorded in
the medium combination with 1.5 mg‘BAP and 0.0 mg.l'GAs, respectively. These
results are in lined with Yasmin et al. (2011) dénattin vitro growth responses depended
on different genotypes on the same combinationaftgrowth regulators. These results
are also agreed with Alam et al. (2010) that effecprimary shoot induction from sweet
potato meristem was found in MS medium supplementétti 2.0 mg.'*Kn and
0.5 mg.*GAs. Shoot length (cm) per explant as affected bydifferent cultivars was
significantly difference among them (Pr>F = <0.0QLable 4.2). L-11 cultivar provided
longest shoot length 4.88 cm, followed by Up-toed4i.93 cm) and the shortest
(2.05 cm) was found in Atlantic cultivar.

Shoot length (cm) developed from meristem explagsaffected by different
PGRs combinations and selected potato cultivars veagnificantly different
(Pr>F = <0.001). The data are described in Tal8e Atlantic cultivar did not produced
shoot in MS medium supplemented with 0.0 miBAP and 0.6 mg.L GAs. Pereira and
Fortes (2003) reported that MS liquid medium sumleted with 0.25 mg:t gibberellic
acid and 5.0 mgL pantothenic acid as the most suitable regime fotatp
micropropagation. Aguila et al. (2001) cultured giot meristems on MS media
supplemented with 1.0 mgHiGA; in solid MS media. There was no interaction effect
between PGRs combination and selected potato atstiPr>F = 0.12).
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4.2.3 Number of leaves per explant

The effects of PGRs combination on number of leguesluced by explant in
meristem culture were significantly different (Pr=F0.001) and data are presented in
Table 4.2. Between the PGRs combinations, the maximumber of leaves per explant
(7.5) was found on the meristem developed on thdiume combined with 3 mg:tBAP
and 0.6 mg.!GA;, the second (6.5) on 3 mg'BAP and 0.3 mg.LGA; supplemented
medium and third (4.33) on PGRs free treatments Timding agreed with Roodbar-
shojaei et al. (2010) and proved that {3#as a major effect on meristem culture and
meristem growth in all cultivars. The larger growtlas achieved in presence of high
density of GA single or in combination with low density of Auxamd cytokinin.

The number of leaves produced by meristem expla# significantly different
among the cultivars (Pr>F = <0.001). L-11 cultigave maximum number of leaves
6.09, followed by Up-to-date cultivar and in Atlantespectively. L-11 cultivar showed
more response to PGRs than the rest. There wastamdtion effect between PGRs

combination and cultivars for number of leavesgelant.
4.2.4 Number of nodes per explant

Number of nodes per explant as affected by PGRdi@tions and varieties is
described in Table 4.2. There was significant déifiee in number of nodes per meristem
explants between different PGRs combination treatsm@r>F = 0.001) and among the
cultivars (Pr>F = <0.001). The largest number adesper explant 6.50 was noted in the
medium supplemented with 3.0 mgBAP and 0.3 mg.E.GAs, which was followed by
5.45 on 1.5 mg.EBAP in combination with 0.6 mg:1GAa. In contrast number of nodes
provided by meristem explant 3.66 was resulted fREBRs free treatmernthis result in
line with Nagib et al. (2003) and that use of gitowegulators was found essential for
quick development and high percentage of growtlpaese of meristem was obtained
when cultured in MS medium supplemented withs@fong with kinetin.Regardless of
other PGR combinations, L-11 cultivar provided nmaxim nodes per explant 5.27,
followed by 3.55 in Up-to-date and (1.69) for Aflienin PGRs free treatment,
respectively (Table 4.2).

Interaction between PGRs combinations and selgxitado cultivars are shown in
Table 4.3. Between the tested cultivars, Atlantit anly induced short nodes in the
medium applied with 0.0 mgiBAP and 0.6 mg.GA; but also did in MS medium
supplemented with combination of 0.0 mgBAP and 0.6 mg.L.GAs, also in PGRs free
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supplemented MS mediunn contract, 2.25 in Up-to-date and 5.00 in L-11ticars
were recorded nodes on the same medium PGRs suppkenwith 0.0 mg.EBAP and
0.6 mg.L'GAs, and also in 0.0 mg:iBAP with 0.6 mg.['GA; combination medium and
PGRs free medium.

According to the results shown in Table 4.3, to getre nodes on shoot it is
needed to use PGRs with suitable combinations oP Béhd GA. Moreover, L-11
cultivar provided maximum number of nodes even GRB free medium and gave more
nodes on the medium supplemented with BAP and.G#s finding was in line with the
following researchers. Roodbar-shojaei et al. (201i§ey discussed that responses of
different cultivars to the same culture were défer because of differences of genotypes,

and similarities were because of growth regulaami genotypes similarities
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Table 4.2 Mean value in combine effects of BAP an@A3; on survival, shoot length,
no. of leaves, no. of nodes per explant of threelseted potato cultivars in
meristem culture at 24 weeks after inoculation

Shoot

Treatment Survival% length ::g'vgg lr\:(())d g;
(cm)
PGRs free 75 ab 3.87ab 4.33 bc 3.66 bc
0.0 BAP +0.3 G4 66 b 2.83 ab 3.37¢ 2.95¢
0.0 BAP + 0.6 G4 66 b 1.78 bc 2.95¢ 2.41c
1.5BAP+0.0 GA 83 ab 0.32¢ 2.62 ¢ 1.66 c
1.5BAP +0.3GA 75 ab 1.72 be 3.20¢ 254
1.5BAP + 0.6 GA 100 a 4.67 a 2.62¢C 5.45 ab
3.0BAP +0.0 G4 91 ab 1.73 bc 3.20¢ 3.16¢
3.0BAP + 0.3 GA 100 a 4.18 ab 6.5 ab 6.50 a
3.0 BAP +0.6 G4 83 ab 2.48 abc 75a 3.20 bc
LSD, o, 0.27 2.51 2.38 2.25
Variety
Up-to date 91a 1.93Db 454 b 3.55b
L-11 86 a 4.88 a 6.09 a 5.27 a
Atlantic 69 b 1.05b 2.26 ¢ 1.69 ¢
LSDy; 6, 0.15 1.45 1.37 1.30
Pr>F
(PGRs) 0.09 0.01 <0.001 0.001
(Var) 0.01 <0.001 <0.001 <0.001
(PGRs * Var) 0.01 0.12 0.45 0.58
CV% 40.54 117.74 68.25 79.07

*Means followed by the same letter in each columaret significantly different at 5% level.
Data were collected 24 weeks after culture.
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Table 4.3 Combination effects of PGRs on average rsival%, shoot length, no. of

leaves, no. of nodes on meristem culture of threetato cultivars

Treatments ) Shoot
Survival No. of No. of
1 Potato length
BAP + GAz(mg.L™) o % leaves nodes
varieties (cm)
Up-to-date 100 a 2.42 d-f 4.5 b-f 3.5 b-i
PGRs free L-11 100 a 8.92 ab 8.00 ab 7.25 a-c
Atlantic 25c¢ 0.27f 0.5fg 0.25 hi
Up-to-date 50 bc 4.80 b-e 487 b-e 4.37 b
0.0 BAP + 0.3 GA L-11 50 bc 3.65 c-f 4.75b-e 4.25Db-g
Atlantic 25¢c 0.05f 0.50 fg 0.25 hi
Up-to-date 75 ab 2.22 d-f 3.00c-g 2.25di
0.0 BAP + 0.6 GA L-11 100 a 3.12 cf 2.37d-g 5.00 a-e
Atlantic 25c¢ - - -
Up-to-date 100 a 0.25f 3.00cg 1l75e-i
1.5 BAP + 0.0 GA L-11 75 ab 0.48 ef 237d-g l.75e-i
Atlantic 75 ab 0.22f 250d-g 1.50e-i
Up-to-date 100 a 2.32 d-f 4.75b-e 3.75cC-i
1.5 BAP + 0.3GA L-11 75 ab 2.48 d-f 3.62c-g 2.28d-i
Atlantic 50 bc 0.37f 1.25efg 1.00f-i
Up-to-date 100 a 0.92 ef 4.75b-e 3.75cC-i
1.5 BAP + 0.6 GA L-11 100 a 9.21a 9.25a 8.12 ab
Atlantic 100 a 3.9 cf 5.5abcd 4.5d-i
Up-to-date 100 a 0.83 ef 4.37 bf 3.25d-i
3.0 BAP + 0.0 GA L-11 75 ab 3.56 c-f 487 b-e 4.12c-h
Atlantic 100 a 0.80 ef 3.12c-g 2.12d-i
Up-to-date 100 a 1.97 d-f 6.87a-c 5.87 ad
3.0 BAP + 0.3 GA L-11 100 a 6.93 a-c 9.37 a 8.37 a
Atlantic 100 a 3.63 cf 6.25a-d 5.25a-e
Up-to-date 100 a 1.68 d-f 475b-e 3.5¢c
3.0 BAP + 0.6 GA L-11 100 a 5.56 a-d 6.75a-d 5.75a-d
Atlantic 50 bc 0.20f 0.75e-g 0.37 g-i
LSDy 05 0.47 4.35 4.13 3.90
CV% 40.54 117.74 68.25 79.07
Pr>F (Variety) 0.01 <0.001 <0.001 <0.001
Pr>F (Treatment) 0.09 0.01 <0.001 0.001
Pr>F (Treatment * Variety) 0.01 0.12 0.45 0.58

*Means followed by the same letter in each columaret significantly different at 5% level.

Data were collected 24 weeks after culture.
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4.3 Experiment 1.a Effects of PGRs on Shoot Multipgation of Meristem Derived

Nodal Explants of Up-to-date cultivar
4.3.1 Shoot length

Effects of different combinations of PGRs on shomtltiplication of meristem
derived Up-to-date cultivar are showed in Table #lfere was a significant difference in
shoot length among the treatments (Pr>F = 0.008%iiMum shoot length 7.10 cm was
recorded in PGRs free supplemented medium. Thendelomgest shoot 4.14 cm was
found in medium applied with 0.05 mg‘NAA in combination of 0.5 mg.EBAP. In the
medium modified with combination of 0.05 mgMNAA and 1.0 mg.['BAP gave the
shortest shoot length 3.45 cm (Plate 5). AccortiinGeorge et al. (2008), they suggested
that the production of plants from nodal explants lproven the most generally
applicable and reliable method of regenerating-todgype in vitro plants. Hussey and
Stacey (1981) reported that PGRs are not requiresiuiccessful propagation of potato by
shoot culture.

4.3.2 Number of leaves per explant

There was no significant difference in number e@fvies per explant in three
different levels of PGRs combinations. This measrghwvas no variation in shoot length
due to different PGRs combinations (Table 4.4). &glants culture on the medium with
PGRs free treatment gave the maximum number okkeper explant 8.97, followed by
the medium supplemented with 0.05 MYNAA and 0.5 mg.['BAP combination.

4.3.3 Number of nodes per explant

Effects of PGRs combinations on number of nodes g@elant was not
significantly different between the treatments P=0.16) due to no variation in PGRs
combinations (Table 4.4). The maximum nodes pelaey.91 were found in PGRs free
medium, (7.35) in medium supplemented with 0.05LMYAA and 0.05 mg.'BAP and
6.22 in 0.05 mg.!NAA and 1.0 mg.['BAP supplemented medium.

Although, the explants developed on both of medasmtaining 0.05 mg.ENAA
and 1.0, 0.5 mg.tBAP provided shorter shoot length (3.45 and 4.B)are to that of
in PGRs free medium (7.10), gave similar numbersiades per explant. The longer
plantlets were suitable to use as explants soume shoot multiplication or
microtuberization. This is due to shorter inter-esdength in respond to different PGRs

combination. These observations are contradictdd Wousef et al (2001) and that
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longest main shoot and highest node numbers wenmnedfcn medium containing NAA
and BAP. BAP suppress apical dominance and stienula growth of lateral buds,

whereas NAA decreases single nodes growth andchgpofipotato plantlets.
4.3.4 Number of shoots per explant

Number of side shoots produced per explant astaffdry different combinations
of PGRs and PGRs free treatments was significaliffigrent (Pr>F = 0.01) and the data
is described in Table 4.4. Medium supplemented Wif®6 mg.[*'NAA and 1.0 mg.r*
BAP gave the maximum side shoots produced per ekpfa82), followed by (3.66) in
PGRs free treated medium and lowest in 0.05 i§AA and 0.05 mg.['BAP
supplemented medium (2.35) (Plate 5).

It can be assumed that different responses to iryioland auxin in meristem
derived explants. This finding was consistent wiialeem et.al (2009) who concluded
that the result of different concentrations of BARd TDZ were varied depended on
cultivars. According to Plate 4, explants cultured medium supplemented with
0.05 mg.[*NAA and 1.0 mg.['BAP produced more branching and it was noticedide t
side shoots consist of 1 or 2 nodes. Further exygari is necessary to address the

regeneration of these nodes for microtuberizatioshoot multiplication.
4.3.5 Shoot fresh weight per explant

Effects of PGRs combination influenced on freshghtper explant of meristem
derived Up-to-date cultivar in shoot multiplicatietage are described in Table 4.4. There
was a significantly different among the PGRs coratans (Pr>F = <0.001). The
explants developed in the medium applied with 0M@GL'NAA and 1.0 mg.['BAP
produced the largest fresh weight per explant §,8%he second in 0.05 mg‘NAA and
0.05 mg.'BAP supplemented medium 0.54 g and the lowest fresight 0.16 g in
PGRs free treated mediunin this research, the explants developed in PGRs f
supplemented medium gave the lowest weight witltalius formation at the base of
plantlets. The explants cultured on the medium kupented with combination of
0.05 mg.*NAA and 1.0 mg.[!BAP produced more branches than the other treatment
and maximum shoot fresh weight was recorded framttbatment. Further investigation
should be tested these branches on efficiencyadtsiegeneration and microtuberization
stage.

It was observed that meristem derived explants weyee adaptable to the PGRs

free medium, and it was cost effective for potadsue culture.
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(a)Meristem derived nodal explants
developed in the MS medium
supplemented with 0.05 m¢*NAA
and 1.0 mg.'BAP

(b)Meristem derived nodal explants
developed in the MS medium
supplemented with 0.05 m¢*NAA
and 0.5 mg.'BAP

(c)Meristem derived nodal explants

developed in theMS medium

supplemented wiout PGRs

Plate 5. Effects of different concentrations and combinatios of PGRs in shoo
multiplication stage of meristem derivednodal explants at 6 weeks after

culture



Table 4.4 Effects of different combinations of PGR®n shoot length (cm), number of leaves, number afodes, number of roots,

number of shoots and shoot fresh weight (mg) on mistem derived nodal explants of Up-to-date cultivar

Shoot length Number of Number of Number of Fresh
Treatment )
(cm) leaves nodes shoots weight (mg)
0.05 mg.['NAA +1.0 mg.L'BAP 3.45b 7.25a 6.22 a 4.82a 0.67 a
0.05 mg.I*NAA + 0.5 mg.L'BAP 4.15b 8.53 a 7.35a 2.35b 0.54b
PGRs Free 7.10 a 8.97 a 791 a 3.66 ab 0.16 c
LSD.05) 1.74 1.96 1.89 1.35 0.09
Pr>F 0.005 0.16 0.16 0.01 <0.001
CcVv 20.07 13.78 15.27 21.62 12.19

*Means followed by the same letter in each colunennax significantly different at 5% level.

Data were collected 6 weeks after culture.

ve
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4.4 Experiment 1.b Effects of Two Different Level®f Sucrose in Combination with
Two Different Levels of BAP on Microtuberization of

Meristem Derived Nodal Explant of Up-to-date Cultivar
4.4.1 Microtuberization percent

Effects of different levels of sucrose and BAP ortrotuberization percent is
described in Table 4.5. There was a significanifedence between combination of
different sucrose levels and different BAP concamins. Maximum number (100%)
microtuberization was found in MS medium suppleradnwith 8% sucrose in combined
with 3 mg.L'BAP followed by MS basal medium supplemented witt 6ucrose in
combined with 3 mg.tBAP (93.75%). In 6% sucrose and 5 m{BAP modified
medium 87.50% microtuberization was recorded (F&).4

The highest response of microtuberization was giveMS medium modified
with 8% sucrose in combined with 3 mgBAP and the lowest response was found in
MS medium applied with 8% Sucrose and 5 M@AP. According to this result, MS
medium supplement with 8% sucrose and 3 MBAP can be recommended for
microtuberization in meristem derived Up-to-datdticar. The other researchers Haque
(1996), Amma and Maity (1998) and Rodrigues-otubeale (1999) they obtained
maximum number of microtubers in different cultvan medium supplemented with
cytokinins, although at high concentrations 4 tadL™. AL-Hussaini et al. (2015) stated
that microtuberization in potato is influenced bgmy factors including sucrose, light and
genotypes. Also they found that microtubers shdaa@dnduced in medium supplemented
with high concentration of 8% sucrose under 10 days duration before darkness.
Hossain et al. (2015) stated that microtuber imdrawas affected by different levels of
sucrose and 6-benzyl aminopurine (BAP).

Result from Virus test

The result of “Pocket Diagnostic Kits” producedrfrin vitro plantlets revealed

the absence of potato viruses-5; namely potatosvitupotato Virus S, potato Virus X,

potato Virus Y, potato Virus V anghizotonia solanaecium (Appendix 5).
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Figure 4.3 Effects of different levels of sucrosenal BAP on microtuberization
percent of meristem derived nodal explants of Up-talate cultivar
Su = Sucrose
3 BAP = 3 mg.IBAP
6 BAP = 5 mg.'BAP

4.4.2 Number of microtubers per explant

Number of microtubers per explant as affected ft@attnent is described in
Table 4.5. There is no significant effect of suerand PGRs combination in number of
microtubers per explant. The higher number of ntidvers per explant was found in the
medium containing 6% sucrose and 5 M@BAP. It may be assumed that the efficiency
of microtuberization in potato was varied due tifedent PGRs concentrations in the MS
based medium. This variation may be due to theedegf cell sensitivity towards the
regulators, which depends on origin of explants andogenous levels of plant growth
regulators (Uranbey 2005).Variation in microtubemfiation were also recorded by Al-
Abdallat and Suwwan (2002) that sucrose and 5 HR@P were used and better
microtuberization obtained by 6% sucrose and 5 fBAP under complete dark
condition.
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4.4.3 Height of microtuber

Height of microtuber as affected by different canalbions of sucrose and PGRs is
presented in Table 4.5. There were significantedéiices among the treatments. The
highest microtuber height 4.88 mm was obtained ftbenexplants developed on the MS
medium supplemented with 8% sucrose and 3 AP. The shortest microtuber height
3.90 mm was recorded in the treatment of 6% sucaose3 mg.['BAP supplemented
MS medium. This may be due to high sucrose conagoitr gives high carbon source to
explants. There are a number of investigators weponted that raising sucrose
concentrations are efficient to improwevitro microtuber production. Motallebi-Azar et
al. (2013) stated that high sucrose concentrat@wasessential for microtuber induction,

through the osmotic effect and by serving as ensogyce.
4.4.4 Fresh weight of microtuber

There is no significant difference among the treatts on fresh weight of
microtuber developed from plantlets because thea® o variation among the treatments
on fresh weight of microtubers due to various sserooncentrations (Table 4.5). The
maximum microtuber weight 60.00 mg was providednfribie plantlets developed on the
medium containing 8% sucrose and 3 M@AP and followed by 50.00 mg on medium
modified with 8% sucrose and 5 mgBAP combinations. The minimum 40.00 mg was
found not only in the MS medium supplemented with $ucrose and 3 mg'BAP but
also 6% sucrose and 5 mgBAP combination.

This can be assumed that sucrose converted tohstdmcing microtuber
development and accumulation of starch leads toeas®e in size and weight of
microtubers. Pragt al. (1990) and Visser et al. (1994) reported Wizen sucrose convert
to starch, increase cell division and rapid expamsif stolon end as a result of coordinate
genes expression due to starch and protein biossisthTherefore high concentration of
sucrose supported to increase in microtuberizatiopotato. Garner and Bleak (1989)
proved that used of MS medium with 8% sucrose coatpto 4% or 12% sucrose gave
early in initiation of tuberization and larger tubgze. Martine and Mario (1992) also
reported that cytokinins can promote potato midvetization as tuber inducing factors.
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4.45 Diameter of microtuber

There is no significant difference among diametertuber developed on the
media supplemented with different level of sucrasd BAP concentrations. This is due
to no variation on combination of different levelssucrose and different concentrations
of BAP on diameter of microtuber (Table 4.5). Theeatest microtuber diameter
(4.25 mm) was recorded in the MS medium contair@ifig sucrose and 3 mg'BAP,
followed by (3.83 mm) in 8% sucrose and 5 MWBAP combination. The minimum
(3.63 mm and 3.68 mm) were found in MS media coingi 6% sucrose and 3 mg-L
BAP and 6% sucrose and 5 mJRAP respectively (Plate 6).

The similar findings were reported by Hossain et (@2D15) that the highest
number and weight of microtuber was in MS mediuppdemented with 9% sucrose and
5 mg.L'BAP. And concomitantly, the lowest average weighgravfound in Cardinal
cultivar cultured with 3% sucrose media at 7.5 M@AP and at 2.5 mg.LBAP,
respectively. Therefore, it can be assumed thatratniber production can be promoted

effectively by supplemented with high level of sas® with proper 6-aminopurine (BAP).
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Plate 6. Microtuberization as affected by different combination of sucrose and
BAP on the MS medium of meristem derived nodalexplants of Ug-to-date
cultivar

(a) 6% sucrose + 3 mg'BAP
(b) 6% sucrose + 5 mg'BAP
(c) 8% sucrose + 3 mg'BAP
(d) 8% sucrose + mg.L'BAP



Table 4.5 Combination effects of different levelsfasucrose and BAP on microtuberization of meristenderived Up-to-date cultivar

_ o No. of Height of )
Microtuberization ) _ Fresh wt. of Diameter of
Sucrose% PGRs microtubers/ microtuber _ _
% microtuber (mg)  microtuber (mm)
plantles (mm)
3 mg.L'BAP 93.75a+6.25 1.03 ab +0.03 3.90b+0.14 0@®.+ 0.00 3.63b+0.14
6%
5 mg.L'BAP 87.50a+7.22 1.11a+0.04 4.17 b +0.26 @a®da 0.01 3.68 b +£0.19
3 mg.L'BAP 100 a £ 0.00 1.03 ab +0.03 488 a+0.23 66.@0.01 4.25a+0.19
8%
5 mg.L'BAP 46.88 b £9.38 1.00a+0.00 4.44 ab +0.28 06@b +0.01 3.83 ab +0.37 o~
o
LSD.05) 17.71 0.10 0.58 0.01 0.56
Pr>F <0.001 0.14 0.02 0.07 0.12
CV% 13.50 6.37 6.37 20.31 9.10

*Means followed by the same letter in each colunennax significantly different at 5% level.
Data were collected 12 weeks after culture.
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4.5 Experiment 2.a: Effects of Different Culture Sgtems, Different Combinations of
PGRs on Shoot Multiplication of Shoot Tip Culture Derived
Explants of Three Selected Potato Cultivars

4.5.1 Shoot length

Effects of different culture systems and differeambinations of PGRs on shoot
length (cm) of three selected potato cultivars @escribed in Table 4.6. There was a
statistically significant difference on shoot lemgbetween the two culture systems
(Pr>F = <0.001).The longest shoot length 9.01 cns wesulted from the explants
cultured in liquid culture system. Pierik (1997)ped that high shoot proliferation in
liquid media could have been due to availabiligse of uptake of nutrients and closer
contact between explants and medium. Similar redittiined in this study.

Table 4.7 describes the effects of culture systanasPGRs on shoot length of the
potato explants. There were no significant diffeeshon mean shoot length among the
PGRs treatments (Pr>F = 0.38). This revealed tifgreint combinations of PGRs gave
similar results in this study. However, in termvaflue PGRs free medium gave longer
shoot length 7.49 cm than the other treatment. Régss of variety the interaction
between the medium and PGRs, the same result camiom liquid culture system
using free PGR medium for shoot multiplication stag

Table 4.8 shows the combination effect of cultuysteam on selected potato
cultivars in shoot multiplication stage; all testedltivars gave longer shoot length in
liquid culture medium. The maximum shoot lengthORlcm was observed in L-11,
followed by 8.06 cm in Atlantic and 7.94 cm in Update cultivar (Plate 8).

Shoot length as affected by the PGRs and cultivas shown in Table 4.9. The
result showed no significant effect of PGRs comtiama and cultivars in shoot
proliferation stage. That can be assumed thatrdiitePGRs combinations had similar
effects on shoot length of three potato cultiv3ise medium supplemented with PGRs
free treatment gave better results in all explaftshoot tip culture derived three potato
cultivars, followed by the medium supplemented with5 mg.I'NAA and 1.0 mg.L
BAP treatment. Although L-11 cultivar gave maximshoot length in all treatments as
compared to the rest. All the combination effedtsnedium, PGRs and variety were not

significantly different on shoot length.
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4.5.2 Number of leaves per explant

Effects of different culture systems and differadmbinations of PGRs on
number of leaves per explant are shown in Table #hére was a significantly different
on solid and liquid culture medium (Pr>F = 0.05heThigher value 7.14 was resulted in
liquid culture medium and lower 6.58 in the solidtare medium. The maximum number
of leaves 7.12 was recorded in explants of Up-te-dand Atlantic cultivars and the
minimum value 6.32 was found in L-11 cultivar. Teegsults are agreed with Abe and
Futsuhara (1986). They stated that regeneratioangat of micropropagated plants is
genotype dependent.

Combination effect of PGRs and culture system amlyer of leaves per explant
was significantly different between the treatmeansd the data is described in Table 4.7.
In liquid culture system, explants developed on B®Rs free medium and medium
supplemented with low level of PGRs combinatiorbMty.L*NAA and 0.5 mg.['BAP
provided the large amount of leaves. However, ohdsoulture system, medium
supplemented with combination of 0.05 mMgNAA and 1.0 mg.['BAP gave the value
of 7.03 leaves per explant.

The combinations effect of PGRs and potato culsivam number of leaves per
explant is described in Table 4.8. Irrespectivehofmonal combination the interaction
between the culture systems and three potato atdtithe result showed no significant
effect between the treatments (Pr>F = 0.96). Thgimmam mean value in number of
leaves per explant of three potato cultivars werad in liquid MS medium as (7.45) in
Up-to-date, (7.38) in Atlantic and (6.58) in L-1dspectively. In liquid culture, within the
shake culture conditions, the growth and multigi@arate of the shoots is enhanced by
forced aeration, since continuous shaking of theliome provides sufficient oxygen
supply to the tissue, which ultimately leads tartfester growth (Mehrotra et al. 2007).

The combine effects of PGRs and variety was nohifsegntly different on
number of leaves per explant (Pr>F = 0.37) anddtita is described in Table 4.9. In this
study, although various concentrations and comigingtof PGRs were applied, the
similar results were observed. The maximum numibéeaves per explant was found in
Up-to-date cultivar except in MS medium modifiediwd.05 mg..'NAA and 1.0 mg.[*
BAP.
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4.5.3 Number of nodes per explant

The mean value of number of nodes per explant vgsifisantly different
between the two culture systems (Pr>F = 0.04) hadlata are showed in Table 4.6. The
number of nodes per explant developed on the liquudture medium 6.10 was
significantly higher than that of solid culture na&d 5.55. This result is in line with
finding of (Mbiyu et al. 2012) who proved that thguid MS medium gave more roots,
more nodes and more leaves per plantlet than titeM& medium.

There was no significant difference in number ofie® per explant developed on
different levels and combinations of PGRs in shwmaitiplication stage (Pr>F = 0.82)
(Table 4.6.).

Number of nodes per explant developed from thre¢atpocultivars was
significantly different among them (Pr>F= 0.05) Kl& 4.6). The largest number of
nodes per explant (6.06) were recorded in both pftaJdate and Atlantic, but L-11
cultivar provided the lowest (5.34). There was ngnificant interaction effect on
medium, PGRs and variety on shoot multiplicatior-fP= 0.36).

The interaction between culture medium and PGRssigasficantly affected on
number of nodes per explant (Pr>F = 0.01) (TablW®.4rrespective of variety, solid
culture medium supplemented with 0.05 mMYNAA and 1.0 mg.'BAP provided nodes
per explant (6.03) and followed by (5.56) in the0d5 mg.L*NAA and 0.5 mg.['BAP,
lastly, the lowest nodes number 5.05 in PGRs folid smedium. However, the maximum
number of nodes per explant 6.74 was resultedjuidiculture MS medium in PGRs free
treatment. In liquid culture medium, maximum vabfenodes (5.85) was recorded from
the explants developed in medium fortified with®Hg.L*NAA and 0.5 mg.['BAP
and minimum 5.72 in 0.05 mgNAA in combination of 1.0 mg.:BAP respectively.
This result is in lined with the following reseaeth. Alam et al. (2010) suggested that
liquid culture medium can provide easier availapidf water and dissolved nutrients to
the entire surface of the explants.

There was no interaction effect between differartuce medium and variety on
number of nodes per explant iim vitro shoot tip culture derived three potato cultivars
(Pr>F =0.91) (Table 4.8).

There was no significant difference between PGRsibioations and potato
cultivars (Pr>F = 0.32) (Table 4.9). The data wereorded as maximum number of
nodes per explant 6.25 in Up-to-date cultivar orRBGree MS medium and minimum
4.92 in L-11 cultivar in the MS medium supplementeith 0.05 mg.C*NAA and
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1.0 mg.L'BAP. Regardless of medium, the maximum number of nogexyplant 6.65
was found in the explants developed from shoottilure derived Atlantic cultivar on
the medium supplemented with 0.05 mMYNAA and 1.0 mg.['BAP and lowest 4.92 in
L-11 on the same PGRs combination MS medium. On$i@f MS medium Up-to-date
cultivar provided the largest number of nodes paslant 6.25, followed by 5.89 in
Atlantic and lowest 5.54 in L-11, in turn. It caa Bssumed that regeneration efficiency of
micropropagated plants is genotype dependent.

The explants cultured on liquid culture system wRIGRs free treatments
produced longer shoot length 10.09 cm than sollthiisystem (4.88 cm) and the data
was described in Table (4.7).

4.5.4 Number of roots per explant

Number of roots produced per explant from shqotctilture derived explants in
shoot multiplication stage as affected by culturedmam was significantly difference
between solid and liquid culture medium (Pr>F =.60Q) (Table 4.6). Number of roots
per explant 4.64 was noted in explants developddjund culture medium and 2.03 was
found in that of solid culture medium. Mbiyu et §012) found that liquid culture
medium gave more roots, nodes and leaves per @lahthn solid medium and they
suggested that root proliferation in liquid mediwould have been due to the ease at
which the roots penetrated the liquid medium coregao the solid medium.

There was a significant difference in number aftsoper explant among PGRs
combination in shoot regeneration stage of threttpocultivars (Pr>F = <0.001)
(Table 4.6). The maximum number of roots per explaas recorded in PGRs free
medium as (3.86) and (3.76) in medium supplementigd 0.05 mg.L*NAA and 0.5
mg.L'BAP. The lowest number of roots per explant 2.3% viaund in medium
supplemented with 0.05 mg'NAA and 1.0 mg.[!BAP. There was no significant
difference among the selected potato cultivarsuimioer of roots per explant provided in
shoot multiplication stage (Pr>F =0.71) (Table 4B)e maximum average number of
roots per explant 3.78 were recorded in L-11, feéd by (3.17) in Atlantic and (3.06) in
Up-to-date cultivar, respectively.

The significant difference was found in interantibetween different culture
medium and different level of PGRs combinations>fP= <0.001) (Table 4.7). The
largest number of roots per explant (5.88) waslreddrom the explants developed on
liquid culture system without PGRs treatment, fa#adl by 4.35 in 0.05 mgINAA and
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0.5 mg.L'BAP containing medium and 3.69 in medium with comatiion of 0.05 mg.t
NAA 1.0 mg.L'BAP. This is agreed with (Mehrotra et al. 2007) whported that liquid
medium caused the better shoots and roots growthuke of the close contact of the
tissue with the medium stimulate and facilitate thptake of the nutrients and
phytohormone.

There was a significant difference in interactim@iween types of culture system
and cultivars on number of roots developed fromosh@ culture explants in shoot
multiplication stage (Pr>F = 0.04) (Table 4.8). akic cultivar provided maximum
number of roots per explant (5.00) in liquid medjuimlowed by (4.72) in L-11 and
minimum (4.20) in Up-to-date cultivar, in turn. dontrast, the lowest number of roots per
explant was found in solid culture system, 1.3Aidlantic, 1.92 in Up-to-date and 2.83 in
L-11 respectively (Plate 7).

Number of roots produced per explant as affectedliferent combination of
PGRs and cultivars was not significantly differamiong them (Pr>F = 0.68). The PGRs
combination showed similar effects on all testethfmocultivars (Table 4.9). L-11cultivar
gave the greatest number of roots per explant ki43GRs free medium and (4.17) in
medium supplemented with 0.05 mgNIAA and 0.5 mg.'BAP. Similarly, Up-to-date
cultivar provided highest number of roots per erpl8.79 in PGRs free, (3.26) in
medium supplemented with 0.05 mgNAA and 0.5 mg.['BAP and the lowest (2.13) in
MS medium modified with 0.05 mgiNAA and 1.0 mg.['BAP. In contrast, explants of
Atlantic cultivar provided maximum number of rooper plantlet 3.85 in medium
supplemented with 0.05 mg'NAA and 0.5 mg.['BAP, and 3.27 in that of PGRs free
medium. It was found that the number of roots peplant was decrease as the
concentration of cytokinins increases in all sadcpotato cultivars. These results
coincide with the finding of Shibli et al. (2001)hev proved that both 6-benzyl
aminopurine and Kinetinin inhibited root formation.

4.5.5 Number of shoots per explant

The effect of different culture system on numbkestoots produced per explant is
described in Table 4.6. There was no statistiddiffierence between two culture systems
(Pr>F = 0.11). This mean that number of shoot itidncwas not vary due to different
culture systems in this study. The greatest nurmobahoots 3.05 was recorded in solid
culture system. However, this finding is not agreeth the result of Alam et al. (2010),
liquid medium gave significant effects on shootvgito on sweet potato at multiplication
stage.
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There was a significant difference in number obath developed per explant
between different levels of PGRs combinations amtue systems (Pr>F = 0.002) and
the data is shown in Table 4.6. The best respohshaots 3.39 was recorded in MS
medium supplemented with 0.05 mJNAA and 0.5 mg.'BAP. Therefore, the
development of shoots per explant in MS medium attiplication stage has been,
generally, suggested that needed a low ratio ahaanxd cytokinin.

Among the potato cultivars, average number of ghpooduced per explant was
significantly difference (Pr>F = <0.001) (Table ¥.6-11 cultivar gave the maximum
shoots 3.55.This might be due to genotype as destearlier, according to the respond
of potato cultivars, culture systems and diffefe@Rs combinations (Plate 7 and 8).

Number of shoots per plantlet as affected by typésmedium and PGRs
combination was significantly different between theatments and the data is described
in Table 4.7. The maximum number of shoots peraxp#.17 was resulted from solid
medium supplemented with 0.05 mgNIAA and 0.5 mg.['BAP.

4.5.6 Shoot fresh weight

Shoot fresh weight (g) as affected by differenituse system were significantly
different between them (Pr>F = <0.001) (Table 4l6yuid culture medium showed
shoot fresh weight 0.71 g and 0.23 g in solid one.

Effect of PGRs combination on fresh weight of gsheas significantly different
among them (Pr>F = 0.01). The best PGRs combindbtorshoot fresh weight was
0.05 mg.L*NAA and 0.5 mg.['BAP. According to this result, as increased in BAP
concentration the decreased in shoot fresh weighis finding was consistent with
(Elaleem et al. 2009 and Mohamed et al. 2007) hey proved that the result of different
concentration of BAP and TDZ were varied dependhupe cultivars.

There was significant difference in shoot freshglve produced per explant by
different potato cultivars (Pr>F = 0.001). The heghshoot fresh weight 0.54 g was
recorded in Atlantic cultivar and followed by 0.48n L-11 and the lowest in Up-to-date
cultivar, respectively. Shoot fresh weight resulberin Atlantic cultivar was higher than
that of L-11 and Up-to-date cultivar although numbgshoots per plantlet in L-11 was
more than that of Atlantic. This may be due towslfformation at the base of Atlantic
cultivar.

Irrespective of cultivars, shoot fresh weight #saed by different combinations
of PGRs and culture system is shown in Table (4r7$olid culture system 0.05 mg'L
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NAA and 0.5 mg.['BAP supplemented medium gave greater shoot fresghtvdue to
callus formation at the base of the plantlets. H@mwein liquid culture system, PGRs free
treatment gave the maximum shoot fresh weight jentlet due to explants in liquid
medium produced better shoot length, numbers déraind leaves. This result was in line
with (Qureshi et al. 2014) and they concluded thlantlets cultured on liquid media
showed better growth of shoot and roots as comptoesblid media. Liquid media
plantlets emerged earlier and having greater nummbleraves and nodes per plantlet than
solid MS medium.

There was an interaction effect between differentture systems, PGRs
combinations and selected potato cultivars (Pr>B.31) (Table 4.6). Responses of
different cultivars to the same culture medium weiféerent, because of differences in

genotypes, and similarities were because of groedhlators and genotypes similarities.
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0.05 mg.L'NAA + 1.0  0.05 mg.L'NAA + 0.5
mg.L'BAP mg.L'BAP

W

PGRs free

Up-to-
date

L-11

Atlantic

Plate 7. Effects of liquid culture system and PGRsombinations on Shoot length,
No. of leaves, No. of nodes, No. of roots, No. ddes shoots and shoot fresh
weight of shoot tip culture derived three selectegotato cultivars on shoot

multiplication stage at 6 weeks after culture
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0.05 mg.L'NAA + 1.0  0.05 mg.L'NAA + 0.5
mg.L'BAP mg.L'BAP

PGRs free

L-11

Atlantic

Plate 8. Effects of solid culture system ancPGRs combinationson Shoot length,
No. of leaves, No. of nodes, No. of roots, No. @es shoots and shoot fres|
weight of shoot tip culture derived three selectegotato cultivars on shoot

multiplication stage at 6 weeks after culture.



Table 4.6 Effects of culture systems, variety and@®Rs on shoot length (cm), number of leaves and nurabof nodes, number of roots,
number of shoots and shoot fresh weight (mg) in sbbmultiplication (6 weeks after culture)

Shoot length

Fresh weight

Treatment No. of leaves No. of nodes No. of roots No. of st®o
(cm) Q)

Culture System
Solid culture system 4.69b 6.58 a 555b 2.03b 05 a. 0.23b
Liquid culture system 9.01a 7.14 a 6.10 a 4.64 a 733 0.71 a
LSDo.05) 0.92 0.56 0.55 0.58 0.38 0.06
Pr>F(System) <0.001 0.05 0.04 <0.001 0.11 <0.001
PGRs
0.05 NAA + 1.0 BAP 6.36 a 6.85 a 5.88 2.39b 2.67b 041b
0.05 NAA + 0.5 BAP 6.69 a 6.77 a 5.71 3.76 a 3.39a 0.52 a
PGRs Free 7.49 a 6.95 a 5.89 3.86 a 2.61b 0.47 a
LSDo.05) 1.14 0.68 0.67 0.71 0.47 0.07
Pr>F (PGRs) 0.13 0.88 0.82 <0.001 0.002 0.01
Variety
Up-to date 6.14 b 7.12 a 6.06 a 3.06 b 2.78 b .38
L-11 8.46 a 6.32 b 5.34b 3.78 a 3.55a 0.48 a
Atlantic 594 b 7.12 a 6.06 a 3.17 ab 2.35b @54
LSD0.05) 1.13 0.68 0.67 0.71 0.47 0.07
Pr>F(Variety) <0.001 0.03 0.05 0.10 <0.001 0.001
Pr>F (System * PGRs * Var) 0.16 0.37 0.36 0.07 0.03 0.01
CV% 28.66 17.28 20.03 36.92 28.28 29.21

*Means followed by the same letter in each columaret significantly different at 5% level.
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Table 4.7 Effects of culture systems and PGRs ona@it multiplication of single node explants of thregotato cultivars (6 weeks after

culture)
Type of PGR Shoot Number of Number of Number of Number of  Fresh weight
s
medium length(cm) leaves nodes roots shoots (9)
0.05 NAA + 1.0 BAP 4.38c 7.03 ab 6.03 ab 1.10d 56 0.20d
Solid 0.05 NAA + 0.5 BAP 4.84 c 6.59 b 5.56 bc 3.16¢c 74l 0.40c
PGRs free 4.88 c 6.11b 5.05c¢c 1.83d 241Db 0.08 e
0.05 NAA + 1.0 BAP 8.35b 6.69 b 5.72 bc 3.69 bc 79 0.62Db
Liquid 0.05 NAA + 0.5 BAP 8.57 ab 6.96 ab 5.85 abc 4.35b 261b 0.65b
PGRs free 10.09 a 7.79 a 6.74 a 5.88 a 2.82b a.85
LSDyo.05) 1.61 0.97 0.95 1.01 0.67 0.11
Pr>F 0.38 0.01 0.01 <0.001 <0.001 <0.001
CV% 28.66 17.28 20.03 36.92 28.28 29.21

*Means followed by the same letter in each columanret significantly different at 5% level.

TG



Table 4.8 Effects of culture systems and variety oshoot multiplication of single node stem explantsf three potato cultivars (6 weeks

after culture)

_ Shoot Number of Number of Number of Number of  Fresh weight
Treatment Variety
length(cm) leaves nodes roots shoots (9)
Up-to-date 4.35 cd 6.97 ab 5.77 ab 1.92 bc 2.88b 0.23d
Solid L-11 591c 6.06 b 5.08 b 2.83b 419 a 0.28d
Atlantic 3.82d 6.88 ab 5.79 ab 1.34c 2.06 c @18
Up-to-date 7.94Db 7.45 a 6.37 a 4.20 a 2.69 bc ©.55
Liquid L-11 11.02 a 6.58 ab 5.60 ab 4.72 a 2.89b 0.69 b
Atlantic 8.06 b 7.38a 6.34 a 5.00 a 2.63 bc 0.89a
LSDyo.05) 1.61 0.97 0.95 1.01 0.67 0.11
Pr>F 0.41 0.96 0.91 0.04 0.001 <0.001
CV% 28.66 17.28 20.03 36.92 28.28 29.21

*Means followed by the same letter in each columanret significantly different at 5% level.
Data were recorded 6 weeks after culture.
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Table 4.9 Effects of PGRs and variety on shoot mutlication of single node stem explants of three pato cultivars (6 weeks after

culture)
Treatment Variet Shoot Number of Number of Number of Number of Fresh weight
y length(cm) leaves nodes roots shoots (9)
0.05 mg.L: Up-to-date 6.14 b 7.00 ab 6.06 ab 2.13d 2.49 bc 38 0.
NAA S L-11 6.87 b 5.89 b 4.92 b 2.67 cd 3.58a 0.44 be
1.0 mg.L
BAP Atlantic 6.09 b 7.65a 6.65 a 2.39d 194 c 041c
-to- . . . 2 A4 43 ©.
0.05 mg.L: Up-to-date 551b 712 a 5.89 ab 3.26 bcd 3.46 a 30
NAA S L-11 8.84 a 6.56 ab 5.57 ab 4.17 ab 3.65a 0.57 ab
0.5 mg.L
BAP Atlantic 5.74 b 6.65 ab 5.65 ab 3.85 abc 3.06 ab 59 .
PGRs free Up-to-date 6.78 b 7.24 a 6.25 a 3.79abc 2.39bc 0.35¢
L-11 9.69 a 6.50 ab 5.54 ab 449 a 3.41a 0.44 bc
Atlantic 5.99Db 7.08 ab 5.89 ab 3.27 abcd 2.04c .62 @
LSD(0.05) 1.97 1.18 1.17 1.23 0.82 0.13
Pr>F 0.19 0.37 0.32 0.68 0.36 0.09
CV% 28.66 17.28 20.03 36.92 28.28 29.21

*Means followed by the same letter in each columanret significantly different at 5% level.

€S
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4.6 Experiment 2.b: Effects of different concentrabns of sucrose and different
levels of PGRs on microtuberization of three seleetl potato

cultivars
4.6.1 Microtuberization percent

Microtuberization percent as affected by the twifetent concentrations of
sucrose and two different levels of BAP are desctiln Table (4.10). There was a
significant difference in microtuberization percemt the different levels of sucrose in
combination of two BAP levels (Pr>F = 0.02). MS mud containing 8% sucrose and
3 mg.L'BAP gave the maximum microtuberization percent BOBhe result revealed
that the increase in BAP concentration decreaseaigrotuberization percent. In contrast
the increased in sucrose level increased in mibestration percent. This result is agreed
with Saha et al. (2013). They suggested that miberization percentage was increased
by increasing sugar level.

There was a significantly difference on microtub&tion percent between three
tested potato cultivars (Pr>F = <0.001). The data described in Table (4.10). The
higher microtuberization percent 85.71 in L-11 &4d32 percent in Up-to-date cultivars
were recorded and Atlantic cultivar gave minimumcpat 46.42.

There was no interaction effect on microtuberaatipercent as affected by
different levels of sucrose and different concdmirs of BAP on three selected potato
cultivars (Pr>F = 0.07). The data is describedabl& 4.11. The higher microtuberization
percent were recorded in 8% sucrose in combinatidgih 3 and 5 mg.'BAP
supplemented media for both L-11 and Up-to-datévaurs. On sucrose 6% and 3mg.L
BAP supplemented medium, the microtuberization g@ravere recorded as 87.57 for
L-11, 82.14 for Up-to-date and 60.71 for Atlantidtovar, respectively. At higher levels
of sucrose, the osmolarity of the medium increamed plants underwent stress. Due to
this stress, plants behavior shifted towards migtuvhich leads to tuber formation. This
result was agreed with the following researcheran@/& Hu, (1982) and Khuri &
Moorby (1995) who reported that sucrose as an gasesmoticum, energy source and at
higher concentration may have a role as a sigmahforotuber formation.

The cultivar L-11 provided 100% microtuberizationdaUp-to-date also gave
89.28% on the MS medium supplemented with 8% secaosl 5 mg.I* BAP. However,
Atlantic gave only 28.57% for microtuberization thre same medium. All of the selected
cultivars provided better microtuberization percent MS medium supplemented with
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8% sucrose and 3 mg'BAP (Figure 4.4). It can be assumed that 3 MBAP was

suitable for microtuberization in combination witlgh level of sucrose (Figure 4.4).

I Up-to-date
11
100 [ Atlantic

80
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Microtuberization %
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> P » »

o @b Sl Sl

Concentration of sucrose and BAP levels

Figure 4.4 Effects of different concentrations ofgcrose and different levels of BAP
on microtuberization percent of shoot tip derived hree potato cultivars
Su = Sucrose
3 BAP = 3 mg.['BAP
5 BAP = 5 mg.['BAP

4.6.2 Number of microtubers per explant

Number of microtubers per explant as affected Hfemint concentrations of
sucrose and BAP is described in Table (4.10). The® no significant difference effects
on different concentrations of sucrose and differlavels of BAP on number of
microtubers produced per explant (Pr>F = 0.70).r&e converted to starch in
microtubers developing, increased cell division agbension of the stolon end are
followed rapidly by a massive deposition of staacil storage protein.

The number of microtubers produced per explant fsctad by different
concentrations of sucrose and different levels #fPBwas not statistically different
between cultivars (Pr>F = 0.82). Many researchax® tshown that potato cultivar had a

different potential in production of microtubersofal et al. (1998) suggested that in the
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same condition, genetic potential of cultivars hétve greatest effect and will give the
different yields because of initial capacity of tipenotypes in production of endogenous
levels of growth regulators.

There was no interaction effect between differeels of sucrose and BAP

combinations and selected potato cultivars (Prf83).
4.6.3 Length of microtuber per explant

The length of microtuber per explant as affectedcbynbination of different
levels of sucrose and BAP was not significantlyfed#nt among the treatments
(Pr>F = 0.08) (Table 4.10). There was similar dffaadifferent concentration of sucrose
and PGRs on length of microtubers. Although in nucaé value the greatest length of
microtuber was found in 6% sucrose in combinatidthvd mg.L* BAP. Cytokinins
affected in cell divisions and induction productiohpotato microtubers, the tubers size
were increased the various concentrations. Thisagased with Liu and Xie. (2001) and
they suggested that with an increased in cytokooncentration, size and weight of
microtuber was increased because of linear reldigween these two hormones.

There was a significantly difference in length ofcratuber per explant as
affected by varieties (Pr>F = <0.001). Data is dbsd in Table 4.10. Among the
selected cultivars, Atlantic cultivar provided tmaximum length of microtuber 4.09 mm.
Atlantic cultivar produced the largest length ofcrotuber, although it gave the lowest
microtuberization percent among the selected @rkiv Sucrose converted to starch
during microtubers development, increased cellsthvi and expansion of the stolon end
are followed rapidly by a massive deposition ofdtaand storage protein as a result of
genes involved in starch and protein biosynth@dien, the accumulation of starch leads
to increase in size and weight of microtubers (Btai. 1990; Visser et al. 1994).

There was no interaction effect for length of miafmer (mm) among the different
concentration of sucrose in combination with defarlevels of BAP and potato cultivars
(Pr>F = 0.33) (Table 4.11). This means differentls of sucrose and BAP have similar
effect on length of microtuber. Atlantic cultivargvided longest microtuber length
4.37 mm in media modified with 6% sucrose and hmthcentration of 3 and 5 mg'L
BAP. According to Mashhadi and Moeini (2015), itsvaported that the use of BAP and
kinetin improved potato microtuber production byluetion the time required to start
microtuberization, increasing the number of micbetu per explant and increase the
weight and diameter of microtuber.
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4.6.4 Weight of microtuber

Weight of microtuber (mg) as affected by differéaels of sucrose and BAP is
shown in Table 4.10. There was no significant défiee in weight of microtuber (mg)
among different concentrations of sucrose and BRP>K = 0.13). There was no
variation on weight of microtuber (mg) by differecincentrations and combinations of
sucrose and BAP. Although it is not statisticaliffedent, in terms of value the larger
weight of microtuber (45 mg) was found in the medisupplemented with 6% sucrose
and 5 mg.*BAP. Similar result was found in Hossain et al.2Dand they pointed out
that the larger size of microtuber was recorded1® medium supplemented with 9%
sucrose than the medium modified with 3% sucrose.

Weight of microtuber (mg) as affected by differeohcentration of sucrose and
BAP among selected potato cultivars was signifigadlifference (Pr>F = <0.001)
(Table 4.10). The greatest microtuber weight 52wag found in Atlantic cultivar and the
lowest 27 mg was recorded in the rest Up-to-dateladl cultivars. This may due to
genotypic differences between cultivars.

There was no statistically difference in interactieffect among combination of
different sucrose concentration and BAP and vase(iPr>F = 0.56) and the data is
shown in Table 4.11. It represented that the coatlin of sucrose and BAP showed
similar effect on weight of microtuber (mg). The xmaum weight of microtuber
62.00 mg was recorded in Atlantic cultivar at 6%rsge and 3 mg:1BAP and a little bit
decreased in weight of microtuber 60 mg when MS iomdsupplemented with 6%
sucrose and 5 mgiBAP. Similarly, Atlantic cultivar gave (45 mg) oficnotuber weight
in 8% sucrose and 3 mg'BAP combination medium and that of 42 mg in 8% eser
and 5 mg.'BAP supplemented MS medium. The result of thidstreveled that
minimum concentration of BAP was suitable for largecrotuber sized and weight than
high concentration of BAP. Aryaki and HamidoghliO{®) suggested that BAP
concentration of 0.75 and 1 m@-bave increasing microtuber weight and size more tha
others. Al-Taweel et al. (2004) proved that thehbg percentage of microtuberization
(70%) with higher weight of microtuber was recordeain the medium supplemented

with 6% sucrose.
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4.6.5 Diameter of microtuber

Diameter of microtuber (mm) as affected by difféereoncentrations of sucrose
and various levels of BAP is described in TableD4ahd the data was not significantly
difference between the average mean of treatméhtsF(= 0.08). According to the
results, 6% sucrose and 5 mMJBAP supplemented MS medium gave the largest
diameter 3.61 mm, followed by (3.37 mm) diametemadium supplemented with 6%
sucrose and 3 mgBAP. The lowest diameter of microtuber was foung3®7 mm) in
the medium applied in 8% sucrose and 3 MBAP and 3.14 mm in 8% sucrose and 6
mg.L'BAP. That result was contrasted with (Saha et @32 they found that best
survival rate and average diameter of microtuberptentlet was found at 10% sucrose,
in my study the greatest average diameter of tubas found in 6% sucrose in
combination of 3, 5 mg tBAP.

Diameter of microtuber as affected by various emti@ations of sucrose and BAP
was statistically significant different among theested cultivars (Pr>F = <0.001). The
data are showed in Table 4.10. The largest diam@tenicrotuber (3.93 mm) was
recorded from Atlantic and (2.9 mm) in both Up-tate&land L-11 cultivar (Plate 9). It can
be various diverted effect of cultivars on micratibation, such as sucrose and PGRs.
This is agreed with Kianmehr et al. (2012) theyorégd that the effects of PGRs on
microtuberization are depending on the cultivaryimmment and growth conditions.
Moreover, El-Sawy et al. (2007) proved that suciesen important factor for microtuber
formation.

There was no significant interaction effects onmdbéer of microtuber between
different concentrations of sucrose, BAP and catsv(Pr>F = 0.18) and the data is
shown in Table (4.10). This can be assumed thérdiit concentrations of sucrose and
BAP shown similar effects on diameter of microtibdormation in tested potato
cultivars. The largest microtuber diameter (4.46)mms found 6% sucrose and 3 mig.L
BAP, followed by (4.19 mm) in that of 6% sucrosel &mg.L*BAP. It was contrasted
with the findings of Kanwagt al. (2006) and who reported that high leveluafrese was
beneficial in producing larger microtubers. Althbuljtlantic cultivar produced fairly low
microtuberization percent than the rest two cuiydt provided larger size microtubers
in low sucrose concentration compared to the ndsvars, Up-to-date and L-11.

Present finding was in line with Imarmt al. (2010) and who reported that

maximum number and size of potato microtubers vemigeved when sucrose at 6%.
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While Igbal et al. (2006) proved that the maximuncnotuber induction was at 9%
sucrose. The best effect of cytokinin is not ontyaell division but also responsible for
producing of nutritional sink (Hannapel 2004). Kiaghr et al. (2012) stated that
microtuberization is accompanied by increasing gedous cytokinin-like activity.
Al-Hussaini et al. (2015) discussed that modifieatof environmental factors, such as
photoperiod are very important, darkness aftertldyjration were reported to increase
microtubers by enhanced tuberonic acid synthesishwplays important role in tuber
formation during in vitro condition. In addition to these facts, modificatiomf
environmental factors, such as low temperature pimatoperiod are very important,
darkness after light duration was needed to inereasrotubers (Alisdair and Willmitzer.
2001).



Table 4.10 Combination effects of Sucrose and BA#h Microtuberization of Potato Varieties Up-to-date L-11 and Atlantic

No. of

Treatment Microtulgerization micrqtuber rrl;iecrr]gtrlljtbzfr . Weight of [r)r:irrnoiek:ecr)f
Yo formation per (mm) microtuber (mg) (mm)
explant
Treatments
6% Sucrose + 3 mg'BAP 73.81ab 1.19a 3.35ab 36.00 ab 3.37 ab
6% Sucrose + 5 mg?BAP 61.89 b 1.18 a 3.89a 45.00 a 3.61la
8% Sucrose + 3 mg?BAP 80.95 a 1.09 a 3.43Db 30.00 b 3.07b
8% Sucrose + 5 mg?BAP 72.62 ab 1.15a 3.43Db 30.00 b 3.14Db
LSD(0.05) 10.91 0.22 0.39 0.01 0.44
Pr>F 0.02 0.70 0.08 0.13 0.08
Variety
Up-to-date 84.82 a 1.15a 3.27b 27.00b 2.98b
L-11 85.71a 1.19a 3.37b 27.00 b 298 Db
Atlantic 46.42 b 112 a 4.09 a 52.00 a 3.93a
LSD(0.05) 9.45 0.18 0.34 0.01 0.38
Pr>F (Var) <0.001 0.82 <0.001 <0.001 <0.001
Pr > F (Suc+BAP) * (Var) 0.07 0.81 0.33 0.56 0.18
CV% 20.81 22.69 13.44 45.96 16.39

*Means followed by the same letter in each colummret significantly different at 5% level.
Data were recorded 14 weeks after culture.
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Table 4.11 Combination effects of Sucrose, PGRs@nariety on microtuberization stage of selected fato cultivars

. L No. of Lenght of . -
Sucrose PGR Variety Microtuberization microtubers/ microtuber Frgsh Weight of 'Dlameter of
% % microtuber(mg)  microtuber(mm)
explant (mm)
Up-to-date 82.14 abcd 1.09 a 3.18 cd 25.00 bcd 2 @8
-1
3 énAgF'," L-11 87.57 abcd 1.25a 3.09 cd 22.00 bed 2.82 de
- Atlantic 60.71 def l2a 4.37 a 62.00 a 4.46 a
%
Up-to-date 74.99 bcde 1.22 a 3.60 bcd 40.00 abcd 43 1&d
-1
SToL L-11 67.85 cde 1.13a 3.70 bed 35.00 bed 3.19 cde
Atlantic 42.85 fg 117 a 4.37 a 60.00 a 4.19 ab
Up-to-date 92.85 ab 1.03a 3.38 bcd 27.00 bcd &led
-1
ST L-11 96.43 ab 1244 3.22 bed 20.00 cd 2.73 de
80, Atlantic 53.57 ef 1.00 a 3.70 abc 45.00 ab 3.44 bc
0
Up-to-date 89.28 abc 1.23a 291d 17.00d 2.60e
-1
SToL L-11 100 a 1.14a 3.50 bed 32.00 bed 3.17 cde
Atlantic 28.57 g 1.08 a 3.89 ab 42.00 abc 3.64 bc
LSD(0.05) 18.90 0.37 0.69 0.02 0.77
Pr>F (Treat* Var) 0.07 0.81 0.33 0.56 0.18
CV% 20.81 22.69 13.44 45.96 16.39

*Means followed by the same letter in each colummnret significantly different at 5% level.

Data were recorded 14 weeks after culture.

T9
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6% sucrose - 6% sucrose + 8% sucrose + 8% sucrose +
3 mg.L'BAP 5 mg.L'BAP 3 mg.L'BAP 5 mg.L'BAP

L-11

Atlantic

Plate 9. Microtuber formation as affected by different concentration of sucrose
and different levels of BAP on shoot tip culture deved nodal explants of
Up-to-date, L-11 and Atlantic cultivar at 14 weeks after culture

Scale bar=5m
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4.7 Comparison between Two Different Explants Souee of Up-to-date Cultivar at
Shoot Multiplication on the Same PGRs Combinations

4.7.1 Shoot length per explant (cm)

Effect of different concentration and combinatadPGRs on shoot multiplication
stage of two different sources of explants; memstierived and shoot tip culture derived
explants of Up-to-date cultivar are showed in TahlE2. In meristem derived explants,
there was significantly difference between shootgths response to different PGRs
combinations. The maximum shoot length (7.10 cm3 vexorded in medistem derived
explants in PGRs free medium. No significant défese was observed in shoot tip
culture derived explants for different combinati@mi$?GRs, although the highest number
of shoot length 4.43 cm was recorded in the MS madsupplemented with 0.05 mg\L
NAA and 0.5 mg.['BAP. According to these results, it can be suggestat the
meristem derived explants are more suitable to PfB#&smedium and shoot tip derived

explants need additional PGRs combinationtiositro shoot multiplication.

N 0.05 mg.I'NAA + 1.0 mg.L* BAP
EE 0.05 mg.I’NAA + 0.5 mg.L'BAP
8r I PGRs free

Shoot length (cm)

Meristem Shoot tip

Explants

Figure 4.5 Comparison between two different sourcesf explants of Up-to-date
cultivar on shoot length as affected by different ambination of PGRs at
shoot multiplication
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4.7.2 Number of nodes per explant

Table 4.12 and figure 4.6 show the effects of edéght combinations and
concentrations of PGRs between two different sauodeexplants in shoot multiplication.
There was no significant effect of different PGRsnbinations on number of nodes per
plantlet of meristem derived explant. However, thaximum number of nodes per
plantlet 7.91 was observed in PGRs free mediumil&imesult, 7.35 nodes was provided
from the plantlets developed in the medium contgjnivith 0.05 mg.:NAA and
0.05 mg.L'BAP.

In shoot tip derived explants, no significant effef PGRs combination was
found but the largest number of nodes per plafBl&X7) was recorded in the MS medium
modified with 0.05 mg.!NAA and 1.0 mg.L'BAP (Figure 4.6).

N 0.05 mg.L'NAA + 1.0 mg.L'BAP
I 0.05 mg.L'NAA + 0.5 mg.L'BAP
[ PGRs free

10

Number of nodes per explant

Meristem Shoot tip
Explant:
Figure 4.6 Comparison between two different sourcesf explants of Up-to-date
cultivar on number of nodes per explant as affectedby different

combination of PGRs at shoot multiplication
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4.7.3 Number of shoots per explant

Number of shoots produced per explant as affecgetid different concentrations
and combination of PGRs in meristem derived Updtedcultivar was statistically
different (Table 4.12 and Figure 4.7). The maximoomber of side shoots 4.82 was
recorded in the medium applied with 0.05 mMYMAA and 1.0 mg.['BAP.

There was significant difference between numbeshafots produced per plantlet
as affected by the different concentrations andloation of PGRs in shoot tip derived
explant. The greatest number of side shoots (4M@6) found in the medium containing
0.05 mg.L'NAA and 0.50 mg.'BAP. This is due to cytokinin increases the setgiof
tissue to auxin stimulation. This increased sengptifavors sieve-tube differentiation
resulting in the highest ratio of phloem/xylem untlee optimal level of cytokinin under
the optimal level of cytokinin. It can be suggestbdt the differentiation of phloem
strands with no xylem in young internodes resuitsnf optimal cytokinin levels in the

young part of the shoot.

6 BN 0.05 mg.['NAA + 1.0 mg.L* BAP

B (.05 mg.['NAA + 0.5 mg.L* BAP
[ PGRs free

Average number of shoots

Meristem Shoot tip
Explant

Figure 4.7 Comparison between two different sourcesf explants of Up-to-date
cultivar on number of shoots per explant as affecte by different

combination of PGRs at shoot multiplication
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4.7.4 Number of leaves per explant

Meristem derived explants provided more leaves @eplant than shoot tip
derived explants both in PGRs free medium and mmediupplemented with 0.05 mg‘L
NAA in combination of 0.5 mg.EBAP (Figure 4.8).

12 I 0.05 mg.['NAA + 1 mg.L'BAP
I 0.05 mg.['NAA + 0.5 mg.L" BAP
[ PGRs free

[EEN
o
T

Number of leaves per explant

Meristem Shoot tip

Explants
Figure 4.8 Comparison between two different sourcesf explants of Up-to-date
cultivar on number of leaves per explant as affecte by different
combination of PGRs at shoot multiplication
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4.7.6 Shoot fresh weight

Similarly the other parameters, meristem deriveplants gave maximum shoot
fresh weight in all PGRs combinations medium thhaaos tip derived explant. Greater
weight were recorded in both medium supplementéd RGRs as the callus formation at
the base of the plantlets (Figure 4.8). The NAA adP ratio used in shoot

multiplication favored the callus formation.

08r B 0.05 mg.['NAA+1.0 mg.L'BAP
B (.05 mg.[*'NAA+0.5 mg.L'BAP
I PGRs free

0.6

0.4r

0.2F

Shoot fresh weight per explant (mg)

i

Meristem Shoot tip

0.0

Explants
Figure 4.9 Comparison between two different sourcesf explants of Up-to-date
cultivar on shoot fresh weight per explant as affded by different

combination of PGRs at shoot multiplication



Table 4.12 Comparison between Shoot length, Numbesf nodes, Number of side shoots per explant of twdifferent sources of

explants in Up-to-date cultivar

Shoot length (cm) Number of nodes Number shoots
Treatment
Meristem Shoot tip Meristem Shoot tip Meristem oot tip
0.05 mg.[*NAA +1.0 mg.L'BAP 3.45b 417 a 6.22 a 597 a 482 a 191b
0.05 mg.L*NAA + 0.5 mg.L'BAP 4.15b 4.43 a 7.35a 574 a 235D 4.66 a
PGRs free 710 a 417 a 7.91a 559 a 3.66 ab 2.06Db
LSD.05) 1.74 1.55 1.89 2.08 1.35 0.56
Pr>F 0.005 0.89 0.16 0.63 0.01 <0.001
CV% 20.07 20.67 15.27 28.11 21.62 11.24

*Means followed by the same letter in each columanret significantly different at 5% level.
The data were recorded 6 weeks after culture.

89
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4.8 Comparison between Two Different Explants Sourc of Up-to-date Cultivar on
Microtuberization as Affected by Different Combinations of Sucrose and BAP

4.8.1 Microtuberization percent

There was significantly difference between micretudation percent of meristem
derived up-to-date cultivar among different concatdn of sucrose and BAP
combinations (Table 4.13). A hundred percent midretization was resulted from the
explants developed on the medium supplemented &%iihsucrose in combination with
3 mg.L'BAP.

In shoot tip derived explants there was no sigaificeffect of sucrose and BAP
combination. However the greatest microtuber foromaf92.85%) was resulted from the
explants inoculated in the medium supplemented &% sucrose and 3 mg'BAP.
Similarly, the MS medium containing 6% sucrose &nthg.L.'BAP provided suitable

response to microtuberization percent in both rntemsand shoot tip derived explants.
4.8.2 Fresh weight of microtuber

Fresh weight of microtuber as affected by differerdncentrations and
combinations of sucrose and BAP was not signifigadifferent not only in meristem
derived explants but also in shoot tip derived arfd. The data were described in table
4.13. However, the maximum value of microtuber Wwei§0.00 mg was recorded from
the meristem derived explants in the medium supeieed with 8% sucrose and 3 mg.L
BAP followed by 50.00 mg in the medium modified hvB% sucrose and 5 mg-BAP.

Yu et al. (2000) stated that the effect of carboaorse is more influential than other

factors in promoting microtuber induction.
4.8.3 Number of microtuber per explant

There was no significant effect of sucrose and P&dsbination on number of
microtuber produced per meristem derived explangé data was described in Table 4.14.
The larger number of microtubers 1.11 was foundhie medium modified with 6%
sucrose and 5 mgiBAP. However, in shoot tip derived explants no Higant effect
was resulted. Although, in term of value (1.23 anh#2) were found in the media
supplemented with 8% sucrose and 5 MGAP and 6% sucrose and 5 mJBAP.
Hussain et al. (2006) observed that complete oligowas an essential factor in tuber
induction. Cultures kept under 16 hrs, photopen@de not able to produce microtubers.

During incubation under light, GAis synthesized which inhibits tuber induction whil
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darkness enhanced tuberonic acid synthesis, whialgs pimportant role in tuber

formation.
4.8.4 Length of microtuber

Length of microtuber as affected by different levef sucrose and different
concentration of BAP was significantly different fine meristem derived explants. The
greatest length of microtuber 4.88 mm was resuttede medium supplemented with 8%
sucrose and 3 mgiBAP. Similarly, the explants in the medium cont&® sucrose and
5 mg.L'BAP provided larger length of microtuber 4.44 mm.shoot tip culture dived
explants, there was no significant effect betwdentteatment for length of microtuber.
However, the larger value (3.38 mm) was recordedhan medium applied with 8%
sucrose and 3 mgiBAP.

According to this result, it can be assumed thghdr sucrose concentration in
combination with BAP can produce lager size tub&hss is in line with the reports of
Wang and Hu (1982) and Khuri & Moorby (1995) stathdt sucrose seems to be the
most critical stimulus for tuber formation. It méwg essential as an osmoticum, as an
energy source and at higher concentration may bhak@e as a signal for microtuber

formation.



Table 4.13 Comparison between microtuberization%no. of microtubers per explant, length of microtube, fresh weight of microtuber

and diameter of microtubers developed from two diférent sources of explants in Up-to-date cultivar

Microtuberization % Fresh Weight of Microtuber(mg)
Sucrose PGRs

Meristem Shoot tip Meristem Shoot tip
3 mg.L'BAP 93.75a 82.14 a 40 b 20 a

6%
5 mg.L'BAP 87.50 a 74.99 a 40 b 40 a
3 mg.L.'BAP 100 a 92.85a 60 a 20 a

8%
5 mg.L.'BAP 46.88 b 89.28 a 50 ab 10 a
LSD.05) 17.71 22.93 22.93 0.02
Pr>F <0.001 0.35 0.35 0.32
CV% 13.50 16.90 16.90 59.38

*Means followed by the same letter in each colummret significantly different at 5% level.
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Table 4.14 Comparison between microtuberization%, a. of microtubers per explant, length of microtuber fresh weight of microtuber

and diameter of microtubers developed from two diférent sources of explants in Up-to-date cultivar

Sucrose PGRs No. of Microtubers/ Explant Length oMicrotuber (mm)
Meristem Shoot tip Meristem Shoot tip
3 mg.L'BAP 1.03 ab 1.09a 3.90b 3.18a
6%
5 mg.L'BAP 1.11a 1.22a 4.17b 3.06 a
3 mg.L'BAP 1.03 ab 1.03a 4.88 a 3.38a
8%
5 mg.L.'BAP 1.00 a 1.23a 4.44 ab 291 a
LSD(0.05) 0.10 0.35 0.58 0.80
Pr>F 0.14 0.52 0.02 0.31
CV% 6.37 19.14 8.40 15.37

*Means followed by the same letter in each colummret significantly different at 5% level.
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Initial shoot tip culture (-8 weeks) / c In vitro shoot (4-6 cm)

| -

Node culture

Meristem culture

Microtuberization (12 weeks) Shoot multiplication(-8 weeks) (20-24 weeks)

'

Virus test Microtuber production (1 weeks) Microtuberization (12 weeks) Liquid culture system Solid culture system

Plate 10. Protocol forin vitro regeneration of meristem and shoot tip culture in ptato (Solanum tuberosm)
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CHAPTER V
CONCLUSION

According to the results in this study, among tleentone free initial culture of
three selected potato cultivars, Up-to-date cultipeovided maximum shoot length,
number of leaves, number of nodes and number efsidots.

In the initial stage of meristem culture of threslested potato cultivars, the
meristem explants produced the hundred percentvsilirshoots in the medium both
supplemented with 1.5 mg’BAP in combination of 0.6 mg:t{GA; and 3 mg.[*BAP in
combination with 0.3 mg.EGA; for all cultivars. Among the potato cultivars, ltpdate
cultivar gave higher survival percent than other twiltivars.

In shoot multiplication of meristem derived Up-tatd cultivar, longest shoot
length, greater number of leaves and nodes peasixplere resulted from the explants
developed in PGRs free medium. However, maximumbainof side shoots, roots and
shoot fresh weight were influenced by the PGRs doation of 0.05 mg.*NAA and 1.0
mg.L'BAP. In microtuberization, shoot plantlets from istem derived Up-to-date
cultivar, showed 100% microtuberization, and largjee tuber on MS medium modified
with 8% sucrose and 3 mg'BAP.

In evaluation of culture systems and PGRs comhinaton three selected potato
cultivars on shoot multiplication stage of shoptderived explants, liquid culture system
was superior to solid culture system. Among the B@Bmbinations, maximum shoot
length, number of leaves, number of nodes and dhesit were resulted from the PGRs
free liquid culture system. However, in solid co#tusystem, supplementation of
0.05 mg.L’'NAA and 0.5 mg.['BAP showed the highest number of shoots and réois.
the microtuberization stage of shoot tip culture\az three selected potato cultivars, the
same result was observed as meristem culture. @sterésponse came from the medium
supplemented with 8% sucrose and 3 rif@AP. Moreover, Up-to-date and L-11 were
recorded as good for microtuberization response.

In the comparison between meristem and shoot tifureuderived explants of
Up-to-date cultivar in shoot multiplication and mutuberization stages, meristem
explants provided better performance in shoot mlidation, microtuberization and
produced larger size tuber than shoot tip explants.

In detection of virus test for the plantlets fronicrotubers, meristem culture can

be assumed as the one it can be the virus freeqmiot
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Further investigations should be carried out toromme the problems for this
crop. These are:
- meristem culture should be carried out with lowaanrtration of various PGRs
- microtuberization of potato using liquid culturetivimultiple nodes explants

should be tested
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APPENDICES

Appendix 1. The chenicals, MS powder, sucrose and equipmer used in this study
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Appendix 2. Nutritional value per 100 gm of potato

Nutritional value per 100 g (3.5 0z)

Energy
Carbohydrates
Starch
Dietary fiber

Fat

Protein

Vitamins
Thiamine (B1)
Riboflavin (B2)
Niacin (B3)
Pantothenic acid
(B5)

Vitamin B6
Folate (B9)
Vitamin C
Vitamin E
Vitamin K

Minerals
Calcium
Iron
Magnesium
Manganese
Phosphorus
Potassium
Sodium
Zinc

Other constituents
Water

321 kJ (77 kcal)
17.47 g

15.44 g

229

0.1g

29

(7%) 0.08 mg
(3%) 0.03 mg
(7%) 1.05 mg

(6%) 0.296 mg

(23%) 0.295 mg
(4%) 16ug
(24%)19.7 mg
(0%) 0.01 mg
(2%) 1.9ug

(1%)12 mg
(6%)0.78 mg
(6%)23 mg
(7%)0.153 mg
(8%)57 mg
(9%)421 mg
(0%)6 mg
(390)0.29 mg

759

Link to USDA Database entry

Units
ug = micrograms ¢
mg = milligrams

IU = International units
Source: USDA Nutrient Database
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Appendix 3. Dormancy breaking and sprouting of hanested microtubers four

weeks after harvesting

Sterilization of microtubers (4 weeks after
harvest)

Dipped in 4 mg.L* GA; for 20 mindtes Kept in ambient condition to induc
sprouts

4 weeks after germination

Germination (2 weeks)
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Appendix 4. Acclimatization and Virus detection of harvested mirotubers 8 weeks

after planting.
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Appendix 5. Microtubers developed flom meristem culture were induce
germination four weeks after harvesting and checkedor viruses 10
weeks after planting. According to resultsfrom test kits these plants
materials were free from viruses and disease ofRhizotonia

Solancerum

P

-potato Virus S

Free from

Free from potato Virus Y Free from potato Virus A



