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CALLUS INDUCTION AND IN VITRO PLANT 

REGENERATION OF BAR! RELEASED POPULAR 

POTATO (Soiwnun titherosuin L.) CULTIVARS 

ABSTRACT 

By 

NUSHRAT JAJIAN MOON 

The present study was undertaken in the Genetics and Plant Breeding Laboratory and the 
'lissue culture laboratory of the Department of Biotechnology. Sher-e-Baiigla Agricultural 
University, Sher-e-Bangla Nagar. Dhaka- 1207. during the period of January 2011 to 
December 2011. to investigate the in vitro perkrmance ot three Bangladesh Agricultural 
Research Institute ( BARI) released popular potato eultivars viz. Granola. Diamant and 
Asterix using potato sprout as expLant. live Levels of' (A (50. 100. 200. 300 and 400 
ppti/l.) were used to find out the best concentration for sprout initiation, and it was revealed 

that (ib\ at the rate of 400 ppm/I. was the best concentration for maximum sprouting within 

short period of time. The effect of ditThrent combination and concentration of NAA and 
BAP on in vitro callus induction and plant regeneration was also studied. the 
concentrations for NAA were 1.0 mg/I. and 1.5 mg/!. and fOr BAP were 0.5 mg!L .. 1.0 
mg/L. 1.5 mg/I. and 2.0 mg/L. The combined ctThet of both the honnones were also studied. 
the variety Diamant produced callus in the shortest period of time (4.46 days). It took 
minimum days 3.53 days) for callus induction in the treatment of' LU mulL NAA f 1.5 mg/I. 

BAP. The largest size (2.10 cm) and the highest weight (2.54 gm) of callus were noticed in 
the variety Diainant with the treatment 1.5 mg/L NAA within 28 DA I. In ease of shoot 
initiation, variety Granola took minimum time (13.17 days) followed by Diamant (1 3.63 
days) and Asterix (15.01) days). The variety Granola produced the maximum number of' 

shoots'plantlet (3.00 shoots/plantlet) and the Longest (6.76 cm) shooise'plantlet ibllowed 1w 
Diamant (2.12 shoots/plantlet and 6.51 cm) and Asterix (1.91 shoots.'plantlet and 5.68 cm). 
respectively. Variety Granola also produced the maximum number of leaves/plantlet (20.0 
leaves) with the treatment 1.5 mg/I.. NAA+l .5 mg/I. BAP within 28 DAI. The variet 
Asterix took the minimum (12.73 days) days to root initiation followed by Granola (15.01 
days) and Diamant (15.48 days). In treatment 1.5 mg/I. NAA-0.5 mg/I. BAP required the 
minimum (0.93 das) days to root initiation and also the number of roots/plantlet (1 4.53 

roots/planilet at 28 DAI ) was the maximum. When variety and treatment took tinder 
consideration, the treatment 1.5 mg/L NAA±0.5 mg/L. HAl' with variety Dianiani produced 
the maximum (19.40 roots/plantlet) and Granola produced the longest 14.42 cm) 
roots/plantlet respectively. The regenerated plantlets were transIrred successfully in plastic 
tray and subsequently to soil. The variety Graiola survived at high rate in growth chamber 
and in open atniosphere. Among all the varieties. Granola showed the best pertonnanee 
from callus induction, plant regeneration to in vivo establishment. 

xl" 
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CHAPTER 1 

- ic:! 	ur.tvers:1  
L it r a r y 

INTRODUCTION 

Potato (Soiwizim szthc'rusmn I..) is one of the most important vegetable crops in 

Bangladesh as well as world ConteXtS. It has multipurpose use in daily consumption 

and also industrial purpose and is one of the prominent crops capable of nourishing 

the worlds population. It is one of the most economically important annual vegetable 

crops in Solanaccae family and originated in the central Andeans area of Smith 

America. In respect to land under cultivation potato is the third major subsiStence crop 

in Bangladesh (Sarker c's cii.. 2002), In Bangladesh total area tinder potato crop has 

been estimated at 4.60.197 hectares and 18.093 M. ions/ha of potato were produced 

during 2010-2011 ( 13135. 2011). The average yield of potato in Bangladesh is 19.69 

i/ha which is very low compared to many potato growing countries like Netherlands 

44.7 Uha). the USA (44.6 ulia) and German' t42 .3 u'haj FAO. 2008). I lowever 

potato production has to he increased, even with the current rate of demand. Among 

the reasons of lower yield of potato, non-availability and higher price oF 4Y  seed 

are important. In Bangladesh. Bangladesh Agricultural Development Corporation 

(BADC) supplies about 7-8 thousand tones of high quality seed potato which is only 

3.8 to 4.3% of total seed requirement of the counir . Some private companies are also 

supplvuig Iè thousand Riles of commercial grade seed tubers. [he rest amount of 

tuber planted every year for the production of potato in the country is the tubers 

produced as table potatoes (Siddique. 1999). To niakc Bangladesh sufficient in löod. 

extensive research work has been performed for the improvement of economically 

important crops that exist in the country. 

Potato and many other vegetatively propagated crops are frequently characterized by 

their inability to produce seed due to presence of one or more factors: incompatibility. 

dichogamy. abnormal seed and seedling development, seed dormancy and 

environmental factors. These alThet ilowering and seed setting. Presence of these 

factors possesses margins on the use of breeding techniques br improvement. Potato 

can he propagated sexual lv (by botanical seed. also called trtte potato seed) and 

asexually (vegetatively) by means of ttthers (Otroshy. 2006 . In spite of ha ing 

problems in conventional breeding. most of the potato varieties available no a days 

have been developed through natural selection and conventional breeding which is 

very lengthy process. there are two major problems associated with conventional 



elonal multiplication of potato-seed stocks. Firstly. low multiplication rate in the field 

that takes as long as 7 to 12 years. causing a lack of Ilexihility to the changing needs 

of the end-users. Secondi . high susceptibility of potato to viral bacterial and Iitngal 

diseases (Dohrariszki ci ci/.. 2008). Routine production of disease lite seed tubers is 

necessary to maintain adequate yields. That is why reliable and pathogen free 

propagation has been started all over the world (Ilossain. 1988.Aniong these. the 

important role is played by the in vitro vegetative micro propagation. since this 

method is pathogen free. Diseases free good quality seed and pathogen free planting 

materials are possible to produce through this technique (Ilossain, 1994) and to 

conserve the geniiplasm of rare and endangered species (Pay. 3992). Nowadays. 

micro- propagation is the alternative to conventional propagation of potatoes. 

N4icropropagalion. used as standard methodology for production of disease lice (virus 

free) seed potatoes. This system involves two stages: I) in i/tm multiplication and 

production of in vitro plantlets. 2) production of minituhers in the greenhouse 

(Otroshy. 2006). 

In Bangladesh. beside low supply of quality seeds, the plants are inli,cted by difThrent 

viruses, bacteria. fungi. viroids and many insect pests. Among these leaf roll. leal' 

curl. late blight, early blight etc are the main problems for potato production. Potatoes 

are lound to he inlëcted with more than 20 viral diseases, of' them PVX and PVY 

depress tuber yield tip to 801N. and may destroy whole crop in combination with 

others. As a result yield. quality and storahility of potato reduce drastically every sear. 

As potatoes are vegetatively propagated crop. the seed borne pathugens of previous 

year pose a serious threat to the potato production of the 1bllo ing 'ear. Researchers 

showed that sonic viruses can decrease the yield by 40% singly and in combination 

with other viruses, the loss is 90% (Siddiqtu ci at. 1996). Plant tissue culture offers 

an etlicieni method for production and rapid propagation of pathogen-free material 

and germplasm preservation of plants to overcome this unwanted situation. In vitro 

plant regeneration has become a popular and useful technique and being, applied to 

solve the problems of ninny agricultural crops. Creation of novel germplasni through 

tcchniques of tissue culture and gene transfer holds great potential for improving the 

quality, resistance to diseases and agronon'tie characters of potato tiayasree ci al.. 

2001). A reproducible protocol for in vitro regeneration is a prerequisite thr varietal 

improvement through genetic engineering. Type of explants. media compositions. 

growth conditions, and genotypes affect callus induction and plant regeneration. So. 



the best growth condition, suitable explants and genotypes are needed to identify for 

large-scale utilization in biotechnology. Hence, it is necessary to identils which 

'anety is more prone to in vitro culture. It is important to standardize the protocol of 

explants response Jbr callus induction and plant regeneration through cal I US ol' potato 

cultivars. 

Both callus induction and plant regcnerations from explants require the presence of 

appropriate coinl'inations and concentration of plant growth regulalors in the cultured 

media (lihsanpour and Jones. 2000: l:icgert ci al.. 2000: Ahn ef cii.. 2001). Growth 

regulators play an important role in potato regeneration. Individual hormone has its on 

effect on regeneration. Combine effect of rooting and shooting growth regulator is 

needed to study for better regeneration of potato. Therefore, the present investigation 

was carried out to identify the best hormonal combination and concentration for 

potato regeneration .As well as to detect the best response to regeneration among the 

different varieties olpotato. 

The callus formation was Iirst reported in 1951 (Steward ci at 1951) leading to plant 

regeneration in 1975 Cl .ani. 1975). It is important due to produced genetic variability, 

which is very important in breeding programme. In addition. it is easy to produce 

huge amount of in vitro plantlet via callus. But the response of explants 101 callus 

induction and regeneration need to he standardized. Thereibre. the aim of the present 

study is to establish an elléctive protocol to investigate the in v/tm callus induction 

ability of potato with optimum concentration of plant growth regulator that can 

produce clean and decontaminate in vitro microplants of potato from three BARI 

released potato c . Granola. Dianiant and Asterix to maintain stocks for in vitro 

multiplication and rapid plant regeneration in Bangladesh. 

The present experiment aims at developing in efficient high frequency plant 

regeneration system with the following objectives: 

I. To study the perforinance of in vitro callus induction of three I3ARI released 

popular potato etiltivars. 

To investigate the callus induction and plant regeneration ability of potato 

with optinitini concentration of NAA and BAP. 

To establish ;in effective regeneration protocol of I3ARI released potato ith 

optimum concentration of plant growth regulator. 

In vilro multiplication of plantlet in a short period of time. 

Li 
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REVIEW OF LITERATURE 

Potato is one of the prominent crops capable of nourishing the vorlds population. It 

is one of the most econoniically important annual vegetable crops in Solanaceac 

family (Keeps. 1979). Nowadays plant tissue culture techniques are being applied ir 

rapid clonal propagation of potato. 1-lowever. many research works on in ti(ni micro 

propagation of potato have been conducted in different countries of the world. Iliem 

are various factors that effect in vitro callus proliièration and plant regeneration such 

as position of the explants on the plant as vell as size ot explants. genotypes oF the 

explants. physiological state of the donor plants and explants. concentration of the 

nutrients and plant growth regulators in the culture medium and environment tinder 

which cultures are grown i.e. light, temperature and huuiiditv (Ciregory and John. 

199K). 

A lot of many studies have been made earlier too in view callus indttction and 

regeneration of potato. In this chapter. the most pertinent literature relevant to the 

present study is reviewed here tinder separate headings. 

2.1. Concept of potato tissue culture 

Propagated by tubers that are used by farmer is it conventional system. Potato 

production with seed tuber is constrained by the accumulation of pathogen. 

physiological decline and low multiplication rates. Seed tuber is most expensive input 

in potato production. At least 35-40% total cost of potato production is covered by 

seed tuber and it is very lengthy process. Nowadays plant cell tissue culture 

techniques are being applied for rapid multiplication of plantlet production of poLato. 

lissue culture or cell culture is the process where cells are grown and maintained in it 

control led environment such as a laboratory, outside their natural and oriszinal source. 

Cell culture is a vital technique in many branches of biological research. in ri,to 

produced disease free potato clones combined wiLh conventional multiplication 

methods has become an integral part of seed production in many countries (Naik ci 

al.. 2000). 

Callus is an amorphous mass of loosely arranged thin walled undifferentiated 

parenchyma cells arising from the prolikrating cells of parent tissue (Dodds and 

4 



Roberts. 1990). In plant biology, callus cells are those cells that cover a plant wound. 

Murashige and Skoog II 9621 reported that the niLtritional requirement for optimal 

urowth of in vt/ru tissues may very with varieties. To induce callus formation, plant 

tissues are surface sterilized and then plated onto in t'ilro tissue culture medium. Plant 

hormones. such as auxins. eytokinins. and gibberellins. are supplemented into the 

medium to initiate callus lormation or somatic embryogenesis. 

2.2. In vitro callus induction of potato 

Yasmin et al. (2003) conducted an experiment to observe the etkci oI'NAA and RAP 

on callus formation and regeneration from leaf and internodal segnienL explants. Five 

levels of each of NAA (0. 1.25. 2.5.5 and 10 mg/I.) and RAP (0. 0.5.1. 2 mg/I.) were 

applied to MS media tbr callus induction and plantlet regeneration. [went> explants 

were cultured in each combination. Leaf showed better performance in callus 

induction and plantlet regeneration. This highest percentage of' callus (95%) and 

minimum time (8.13 days) were recorded with 2.5 mg/I. NAAI-2 mg/L RAP. Ihe 

percentage of regeneration (80%) was with 2.5 mg,'L NAA'-2 mgi 1. RAP among the 

combinations. It was also observed that callus was derived from leaf plantlets in a 

shortest period of time (23.68 days) compared to that from stem (28.96 days). 

I-laque et al. (2009) conducted an experiment with different concentrations of 2. 4-I) 

and kinetin showed hithlv significant dillërenccs for length and weight of callus 

formed except interaction of callus weight. Leaf explant appeared to he best ol all Ir 

callus length and weight when 1.0 mg/I. 2. 4-1) - 0.25 rug'I. kinetin concentration 

was used. Similarly. differetu explants versus diFferent concentrations of 

BAPi(3A;/IAA showed significant differences for shoot length and leaf 

number/plantlet and also Ibr root length. However, interaction term confirmed node 

and node/internode explants produced better results in shoot length and number of 

leaves/plantlet when concentrations I .0 mg/L RAP 1 0.1 nw/f. CIA, and 1.0 mg/I. 

RAP 	0.2 mg/I. GA 3. 1.0 mg/L RAP + 0.4 nigiL GA3. respectively, were used. 

Similarly, internode explants produced better results for root length after 21 days 

plantlet when concentration oF 1.0 mg/I. l.AA 0.25 mgi. GA.; was used. Shoot tip 

explants also produced better results in root length after 28 cla S plantlet' when 

concentrations 1.0 mg/I. IAA ' 0.25 mg/I. GA3  were used. 



A study has been made by Anum and Mi (2004) to observe the effect of culture 

medium on shoot initiation. Attempts were made to regenerate shoots from calluses of 

different ongin (tuber. leaf. internodal ) on di licrent media in Iwo cultivars. Cv. Mark 

Piper and ('v. Desiree of potato. Media containing zeatin vas lound to be more 

effective than the one containing I3AP for shoot regeneration. Also Cv. Mans Piper 

showed better response than Cv. Desiree. 

E.laleem c/ at (2009) conducted all experiment to investigate the ellects of different 

concentrations and combinations of growth regulators on callus induction and plant 

regeneration of potato (&ilanmn /uberoswn L.) cultivar Dianiant. The tuber segments 

were used as explants and cultured on MS medium supplemented with different 

concentrations of NAA. 2.4-D. BA and litidiazeron (l'DZ) alone and 2.4-D in 

combinations with BA br callus induction. Ihe best degree br callus lbrmation (6.0) 

was obtained on MS medium supplemented with 2. 4-1) alone at 3.0 mg!l_. or 2, 4-D in 

combination ith BA both at 2.0 mg/I.. MS medium containing .0 mg: 1. 11)7 was 

the best for days to shoot initiation, the highest percentage of callus with shoot (81% 

and the highest number of shootJcallus (3.4). Callus derived shoots were rooted most 

eilèetivelv in half-strength MS medium containing 0.5 mgi IRA. 

Khatun el a'. (2003) carried out an experiment on nodal segments of Diamant cultivar 

of potato from en ri/n) grown plantlets for callus induction and regeneration on MS 

semisolid medium supplemented with different concentrations of 2.4-I). NAA. RAP 

alone and NAA with B.AP. Highest 90% of callus formation was observed in MS-2.5 

mg/L 2. 4-I). The second highest 83.33% callus induction 'was recorded in MS 5.0 

mg/I. BAL'. Maximum percentages (70%) of calli induced shoots were observed in 

MS medium thrtilied with 5.0 mg/I. BAP±0. I mgi ll4A. 1 lie regenerated shoots 

were rooted on MS and '/2 MS medium containing different concentration of IRA and 

maximum rooting response was achieved in ½ MS'-1 .0 mg/L IRA. 

A study was condticted by Omidi and Shahpiri (2003) 10 determine the effects of 

growth regulators (2. 4-D and kinetin). cultivar, explant and light on callus induction 

in potato. They fiund signilicant eRect of 2. 4-D combined kinetin and their 

interactions on the frequency of callus induction and roots on the callus. [he effect of 

cultivar. explant and their interaction on frequency of callus induction was not 
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signilicant. while the elkets of these factors on the initiation time of callus induction 

was siuni licant. Callus was mostly induced in leaf explants under dark conditions. but 

was induced in internode explants under both dark and light conditions. 

An clThetive procedure has been developed by Javasree ci al. (2001) for including 

somatic emhrvouenesis front leaf cultures of' potato cv. Jyotlti. Leaf sections were 

initially cultured on 2. 4-I) Renzvladenine (BA) and NAA RAP suppleineitied 

Murashige and Skoog (MS) media. Nodular embryogenic callus developed 1mm the 

cut ends of explants on media containing 2. 4-1) and BA. whereas compact callus 

developed on media containing NAA and BA. 

More cial. (2001) evaluated M115 and Hiohras-6 (BB-6) to determine Lheir efkcts on 

embryogenic callus lbrmation of potato cv. Desiree. The best callus lbrmation was 

observed in medium - I supplemented with 0.1 jug MI-1-5 0.01 mg RB-b/I. and in 

medium -2 supplemented with 0.001 mg MFIS and 0.01 mg BR-b/I.. There was no 

callus formation when Ml 15 and 1313-6 were used as substitutes for 2. 4-1). Calls 

formation was observed when Ml 15 and 138-6 were used as kineUn substitutes. 

Shirin ci al. (2007) was conducted an experiment with (lie internotlal and leaf explants 

of four potato cultivars vi:. Diamant. Niulta. Atlas and Lalpakri. Where cal lusing 

response of both types of explants and for Atlus internodal esplaiits was the best in 3.0 

mgil. 2. 4-I) containing MS media among 2.4-D. NAA alone and with RAP 

combinations. MS medium containing 4.0 mg/L K1N0.5 mg/L NAA was the best for 

maximum shoot regeneration from the internode and leaf derived ealli in most of the 

cultivars. The regenerated shoots were rooted in MS )  medium and successfully 

transplanted to the held. 

lifkct of growth regulators for callus induction of potato (So/wwin inberosuni I ..) 

genotypes (Christian and Roclas) was studied by Andreea c/al. 2009j. It was revealed 

that the best callus induction was for MS medium supplemented with 1mg].  2. 4-F) 

and 0.5 mg/I BAP for both the genotypes. 

The aim of the study of Turhan (2004) was to establish an effective protocol fOr callus 

induction from the potato genotypes (Solanwn tuberosmu I..) used and to investigate 

whether the transtelTed oxalate oxidase enzyme or transfOrmation irocedure has any 
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effect on callus induction of transuenic lines Of cultivar Desiree and Muds Bard. I lie 

results showed that the elThets of genotype and medium on measured characters were 

highly significant. In order to compare overall perlbrmance of transgenic lines of each 

cultivar with their parental cultivars (non-transgenic). orthogonal comparisons \%ere 

used and indicated the significant differences between transgenic and non-transgcnic 

gcnotpes. the significant differences between the cultivars and their transgenic lines 

expressing oxalate oxidase enzyme indicated that the transformation procedure had a 

significant effect on their callus induction and growth. 

Ali ci al. (2007) was conducted an experiment to standardize the in thu regeneration 

protocol of six potato varieties viz. Raja. Diamant. Card ma I. I Icent. Ci ratio Ia and 

I .alpakri. The highest percentage (62.600/o). the maximum height of plantlet (12.90 

em). the maximum number of leaves/plantEd (13.90) were produced from internodal 

segments derived calli of Heera with 6.0 mg/L IMP and the lowest percentage 

(29.80%). the minimum height (4.68cm) of plantlet. the minimum number of 

leaves/plantlet (7.83) was produced found in leaf segments derived calli of Lalpakri 

with 2.0 mgiL RAP at 90 DAI. The maximum (103.03) days to shoot niitiation was 

noted in calli of leaf segments of Latpkari with 2.0 mg/I. BAP and the minimum 

(53.93) days was found in internodal segments derived calli of I Icera with 6.0 mgil 

BAP. 

Callus was initiated from primary root explants and mature embry(is of cv. BaIm on 

modified Linsniaicr & Skoog (LS) medium by Fiegert ci gil. (2000). Calli initiated on 

medium with sucrose as sole carbon source regenerated shoots at a frequency of 20-

23% on IS medium containing I mg/L IAA 4.4  mg/L kinetin. Whereas root callus lost 

its ability to initiate shoots by 75 days and embryo callus by 100 days in culture, the 

rhizogenic potential of both callus types was retained beyond 100 days. Root and 

embryo calluses of* I3ala initiated on 2% stierose-"3Yo sorbitol or niannitol and then 

transferred to the same regenerating medium as before produced shoots over a penod 

of 600 days. Shoots were produced in 15-20 days with 49-61% frequency. 

Kol list et al. (1994) studied the callus formation ability of 2 I potato varieties on MS 

medium with different concentrations of growth regtdators and sugars and concluded 

that regenerative ability depends on variety and the composition ol the medium. 



where the most effective media was 0.1 mgJL IAA and 6 mg/I. henzv!adenine. Callus 

from 6 of the varieties regenerated shoots on suitable media, while others fiwnied only 

single shoots and 2 varieties were unable to regenerate shoots. 

Mane! and Garcia (1992) conducted an experiment with potato cv. Sebago. Leaf 

discs were cultured on MS media with 30 mg sucrose/I.. to which 0-0.1 mg 

NAA/I.+0-4 mg I3AP were added to the initial medium. and 0-4 mg BAP;- I or 5 ing 

GA; for the shoot proliferation medium. They noticed that NAA was essential for 

callus foniiation. The amount of callus formation increased with the increasing 

concentrations of both NAA and BAP with best result obtained with highest 

concentrations of both the growth regulators. They observed that both BAP and GA1 

were necessary for shoot formation. Shoot formation occurred more rapid!) with 

higher BAP concentration. 

Asma ci cii. (2001) studied the effect of different concentrations 11. 1 3. 4 and S 

mgJL) of GA.I and RAP on the in vitro multiplication of nodal fragments and stem 

segments of potato cv. Desiree. The maximum shoot length (8.96 cm) was obtained 

when 4 mg/i.. CiAi was applied. Ilie number of nodes was not significantly affected 

by an' of the CiA3  concentrations used in that study. The maximum number ol shoots 

(14) was obtained when 2 mg!L BAP was applied. 

Fomenko ci al. (2000) studied the dynamics of callus formation in potatoes. MS 

medium supplemented with u-NAA was selected fro tither explants and a medium 

with 2. 41) and Linetin Ibr leaf and stem explants. Proteins and nuclic acids were 

analyzed during callus development. 

Callus formation was investigated by Fomenko ci at (1998) in tubm stein and leaf 

explants of potato hybrid 78563-76 and cultivars Rosinka and Otrada on MS medium 

supplemented with various growth regulators. Different explants and different 

genotypes reacted differently to the growth regulators in the medium in terms of 

callus formation. Protein and nucleic acid metabolism during callus formation also 

differed with genotype and explant type. 
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Callus formation of 5 potato genotypes with different genetic origin was analyzed by 

Dohranszki ci al. (1999) on 5 diiThrent media to select the optimal treatment. Both 

induction and the rate of callus growth were strongly influenced by genotype and 

medium and significant 2°  order interactions were proved statistically. 11w best 

undilThrentiated growth of friable calli on lealexplants was observed afier 4 weeks on 

medium containing 0.25mg kinetin and 5.0 mg 2. 4-111 

Alphonse 'i al. ( 1998 1 Cultured leaflet explants, tuber discs and callus tissues from 

niicropropagated plantlets of potatoes cv. Cara. Desiree. Diamant and Spunta on a 

variety of media supplemented with different growth regulators. Regeneration from 

leaflets was best on Nitsch and Nitsch medium, while Gamborg medium was best for 

tuber discs. Spunta showed the highcst regeneration from leaflets. while than from 

tubers discs were greatest with Diamant followed by Desiree. Supplementation of 

Murashige and Skoog medium with I mg Benzyladenine. 1 mg IAA and 10 mg GA3 

was the best combination of growth regulators for regeneration from leaflets, while 

0.4 nig IAA. 0.4 mg GA3. 0.9 m(,  Kinetin and 1.0 g C:asein hvdrolvsate!l was best (or 

tuber discs. Medium containing 5 mg. 44) and 2 nig kinetini was best for callus 

induction. 

Uddin ci at (2011) inves(igated the effects of different concentrations of plant growth 

regulators and their combinations on callus induction of potato (Solanum iubemoswn 

L.). [lie explants of potato tuber were cultured on Modified MS medium 

supplemented with different concentrations of 2. 4-1), NAA. BA. 2. 4-D in 

combinations with BA and NAA in combination with BA for callus induction. 1 hey 

revealed that. comparatively a massive amount of callus was formed on MS medium 

supplemented with 2. 4-1) alone at 3.0 mg/L. The degree of callus was best at higher 

concentrations of NAA and BA. 2. 4-D in combination ith 13A at 2.0 mgi produced 

considerable amount of callus. In case of NAA in combination with BA the degrce of 

callus formation was best at concentration 1.0 mg/L. It was concluded that 2. 4-I) is 

the best option for induction of callus among the other hormones used. 

he variation in mutant lines of the three potato varieties Cardinal. Diamant and 

Desiree was studied by Ahniad ci al. (2010). All the three varieties showed different 

callus induction response against different tested media with varying concentrations 
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of plant hormones i.e.. Cardinal (37.8%). Diamant (32.8%) and Desiree (42.8%.I 

respectively. Similarly the regeneration efficiency of the callus from microtuher. root. 

leaf node and internode explains of Cardinal. Dimant and Desiree with respect to 

different concentrations of growth regulators such as (olehicuic and Sodium azide 

0.1mM. 0.21nM. 0.3mM. 0.41nM and 0.5111M) was determined. Cardinal. Diamam and 

Desiree gave 35.33. 31.33 and 40.33 percent response respectively. 

2.3. In vitro plant regeneration of potato 

1-loque (2010) was conducted an experiment to develop a protocol tör rapid plant 

regeneration in potato.1he newly emerged sprout ol six potato etiltivars were used as 

explants. \'arietal response on in vitro regeneral ion tinder different hormonal 

concentration and combination were studied. MS medium supplemented with 0.5. 1.0. 

1.3. 2.0. 4.0 mg/L of KIN and IAA in combination of both were employed for in vitro 

regeneration. Among the different treatments the combination 2.0 mg /L of KIN and 

IAA showed the best response to multiple shoot and root regeneration and also took 

minimum time lbr regencration. The interaction between hormonal concentration and 

varietal potentiality for all the parameters showed significant dUThrencc at 5% level of 

probability. The in vitro regeneration and multiplication potentiality was the highest 

in the varietY Granola fbllowed bs' Cardinal and Dianiant. 

Rahntan ci al. (2010) studied on the regeneration abilio via callus induction usig 

leaf disc of live tobacco varieties. Explants were cultured on XIS nwdium supplement 

with different concentrations and combinations of plant growth regulators. Among the 

varieties used, the highest percentage of callus induced in 2.0 mg/L Kinetin and 2.0 

mg/I. IAA. Shoots were induced from calli cultured on the same medium. Max nium 

shoot formation from leaf discs was on medium supplemented with 2.0 mg/I. Kinetin 

and 2.0 mg'L IAA. It was also revealed that. the rooting response of regenerated 

shoots was in using 'A MS medium with LBA (0. 0.5. and 1.0 mg/I.). The highest root 

formation was Jound in MS medium supplemented with 0.5 nigi L IRA. 

Jun ci al. (2005) studied the effect of auxin. GA3  and HAl' on potato shoot growth and 

tuberization was investigated under in vitro condition. the shoot length of potato 

explants increased with the increasing of concentrations (0.5- 10 mg.dm-3) of IAA 

treatment especially with the addition of GA3  (0.5 mg.dm-3)_ but was inhibited by 



RAP (5 mg.dm-3). The root number and root fresh weight of potato explants 

increased with the increasing of IAA levels either in the presence of G.At or not. 

However, no root was observed in the treatment lAA RAE'. instead there were brown 

swollen calluses formed around the basal cut surface of the explants. The addition of 

GA3 remarkably increased the fresh weight and diameter of calluses. 

Shi c/ al. (2004) carried out an experiment with 3 factors at 5 levels was adopted to 

screen optimal plant hormone combinations that could induce stem segments to 

differentiate shoots directly at 25 degrees C. 16 It photoperiod and 1500 lx light 

intensits. The $ factors were (IA. NAA and RAP. Stern seuments of virus free 

seedlings in vitro of potato cv. Super White were used as the explants and the MS 

medium was used as basic culture medium. Effects of the 3 plant hormones on callus 

differentiation was ranked as NAA>J3A>GA The optimum combination was 0.25 

mg NAA + 1.5 mg BA - 7mg/i.. 

Molla e/ at (2011) carried out an experiment to lind out a stutable growth regulator 

and its optimum concentration for direct regeneration. Seven different concentrations 

of RAP. six different concentrations of liiidiazuron (TDZ) and eiLzht ditThrent 

concentrations of Zeatin riboside (ZR) were tested separately br in vitro direct 

regeneration of potato along with GA3 (0.2 mg/I.) and IAA (0.01 mg:L). Among the 

different concentrations of BAP. TDZ and ZR. MS medium supplemented with 3 rng 

A. of HAl'. 0.3 ntg IL TDZ and 5 mg /L of ZR showed very good shoot initiaiton. 

Moreover, among the RAP. IDZ and ZR. ZR showed the very good performance in 

respect of direct regeneration. Within the different concentration of ZR. MS ritcditiin 

supplemented with 5 mg/L showed the best pertbrmance in respect of shoot mi iaiton 

from both internode and leaf explants. 

Ahloowalia (1982) studied a procedure for plant regeneration from callus culture of 

potato. So/amen tubemoseun L. Calti were induced from 1-2 mm long shoot apices of 

potato eultivars Cara and \25I1 9 on hal f-strength MS medium (halttMS} 

supplemented with 3.2 IAA mg/I.. 1.0 kinelin mg/I. and 0.5 2. 4-D mgi. 601% 

explants produced nodular calli on this medium within 30 days. Calli differentiated 

into shoot-primordia when subcultured on hall-MS medium supplemented with 0.5 

mg 2.4-D and 1.0 zeatin mg/I.. Differentiated ealli on halt-MS medium withotit 
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growth hormones produced complete plantlets which were cloned on the same 

medium and transtentd into soil. 

An experiment was evaluated by IChalaihila ci a?. (2010) for plant regeneration from 

callus culture of potato. ('alli were induced from 1.0 cnYtuber segillent of potato 

cultivar Almera on MS medium supplemented with difThrent levels 1.0-5.0 mtvl ) ol 

2. 4-1). The highest degree of callus tonnation (3.0) and 10Wo ol explants produced 

nodular calli on MS medium within 7-12 days when supplemented with 2.0-5.0 mg/I. 

of 2. 4-1). ('alli were differentiated into shoot prirnordia when suhcultured on MS 

medium supplemented with 1.5 -5.0 mg/L of thidiazuron (TD/.) and 2.0-5.0 mg/I ol 

BA. The bes( result for mttnbcr of shoot/callus (3.3 = 0.3) and longest shoot (0.9 

0.1) were obtained by using TD7. at 5.0 mg/L. Callus derived shoots were rooted most 

elièctivelv in full-strength MS medium containing 1.0 ni;l. IRA. lhe success 01 

- 

	

	 plant tissue culture Ibr in vitro culture of potato was encouraged by acclimatization of 

the plantlets in the greenhouse conditions. 

Esna-Ashari and Villiers (1998) reported that shoots and callus were Ikirnied from 

tuber discs of potato cv. Desiree when grown in vitro on Murashige and Skooge (MS) 

basal medium supplemented with 2.4-D and/ or RAP. Callus was formed in MS 

medium with I mg/L BAP+0.5 mg/lj 2.4-1). Callus and roots were lormed on MS 

with I mg/I. RAP plus more than 0.5 ma/L 2.4-fl and shoots were formed directly on 

tuber discs cultured on MS medium with I mg/L RAP without the addition of 2.4-1). 

An experiment was conducted by Rodriguez ci al. (2000) for one step regeneration 

system. using leaf explants of potato cultivars Diacol Capira (IX') and Parda Pastusa 

(PP). The effect of different ratios of auxins and evtokinins added to MS basal 

medium (supplemented with 30 ill, sucrose. 0.5 g/L thiamine. I mgi (IA 3. 40 nig/I. 

ascorbic acid and 1.7 giL phytagel and pit of 5.7) was investigated .AIl leaf explants 

from DC treated with zeatin riboside (3 mg/I.) and in dole+3-aeetie acid-4- lAi\ (I 

mg/L) and all leaf explants from PP treated with zeatin rihoside (3 mg/1) induced 

regeneration. producing green and morphologically normal plants. 

An experiment was conducted by Hansen es aL (1999) that shoot regeneration on 

explants from different leaves and leaflets to potatoes cvs. Pasmo. F'olva and Oleva. 
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Explants were excised tram glasshouse grown plants and grown ]'or 6 days on callus 

induction medium with inclole-3-acetic acid or 2. 4-dichlor0pl1enoxyacetic acid. 

Explants were then transferred to auxin free shoot regeneration medium with 

gibberellic acid and O-henzvladcnine or zeatin. BY using the optimum conihinations 

and concentration of plants growth regulators by excision of explants from particular 

regions of proximal leaflets from newly unfolded leaves, shoot regeneration 

frequencies of 44.6% were obtained for c'. Pasmo and 32.11/o from c Folva. 

An experiment was conducted b Zel ci al. (1999) where petioles. internodes and leaf 

explants in combination with dilkrent plant growth regulators. specially ditiërent 

concentration of zeatin riboside (ZR), were tested. Shoot regeneration was most 

successful on callus derived from internode tissue cultured on induction medium 

supplemented with 2.5 mg ZR. 0.2 mg NAA. and 0-0.02 mug gibberellic acid GAil. 

for 2 weeks and then transferred to a shoot initiaiton medium containing 2.5 tug LItL. 

In vitro regeneration was assessed Hamdi ci at. (1998) in potato evs. Nagore. Desirec 

and Stiperior. DilThrent explants such as leaves. ttihers and microtubers and difkrent 

regeneration media differing in their hormonal composition were tested to increase 

the efficiency of the process. Callus induction rates. number of shoots and number of 

regenerated plants were determined fOr each explants. culture medium and cultiar. 

Leaves were the best explants according to the observed regeneration ratc. using an 

MS medium containing glticose (30 g/l.). NAA(0.02 mg!L) Zeatin roboside (2 mg/I.) 

and GA; (0.02mg/L). Tuber and mierotuber explants reached higher regeneration 

rates in an MS medium with sucrose (30 giL). IAA (0.5 mg!L) and zeatin rihoside 

(3.5 mg/I.). 

An experiment was carried out by Ali ctal. (2006) to observed callus induction and 

subsequent regeneration potentiality of potato varieties. Leaf segments of three potato 

varieties namely Diamant. Cardinal and (iranolla were used as explants for callus 

culture and subsequent plant regeneration. Explant was cultured on MS medium 

containing different concentrations of NAA and RAP. The best callus (95.00) was 

observed in Dianiant with media containing 1.00 mg/L NAA and 4.0 mgI!. RAP and 

it required minimum number of days (8.75). The highest percent of regcneration 

(75.00) and shooi'callus (4.00) observed in Diamant in eonibinecl with media 
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containing 1.00 ing/L NAA and 4 mgI!. 131W. Best rooting was also observed in same 

variety and same growth regulators combinations. 

Effect of 11)7 on several In vitro growth parameters in .Solanuin niberosuni evs. 

Desiree and Cardinal were observed by Sajid and Allah (2009). Shoot apices (1.0 cm 

each) from both the cultivars were separately inoculated on full strength MS basal 

media as well as on MS fitil strength supplemented with dii lerent concentrations or 

TDZ. MS lull strength medium was found to be the best for in vitro 

micropropagation. 

The present investigation was carried out aiming by Elaleem c/ ul. (2009) to 

develop a technique br rapid in rilro micropropagation of plants. Nodal explains 

prepared from proliberating shoots of established axenic cultures of Ibur potato 

cultivars viz Diamant. Alpha. Almera and Agria were used. Explants were 

incubated on MS medium supplemented with different concentrations of thiadizuron 

(IDZ) and BA alone or in combinations with NAA. Nodal explants responses to BA 

and lDZ were cultivar-dependent for number of shoot per explant. The highest 

number (5.4 shoots/explant) of shoots/explant was obtained Ir Alnwra explant 

cultured on MS medium supplemented with 3.0 mg/I .TD7. in combination with 0.1 

mg/L NAA. Regenerated shoots were rooted on MS medium with or without auxins. 

The longest root (8.8±1.3) was induced from shoot culttired on MS medium lacking 

growth regulator. The highest number (35.0± I .3) ol rootsshoot was obtained on MS 

medium supplemented with IRA at 1.0 mg/I.. Regenerated plants were successfully 

acclimatized and eventually transkrred to the green house with 100% survival rate. 

Lindogenous levels of IAA were determined by Pal d at( 2011   ) in the internodal 

explants of Indian tetraploid potato cultivars (evs) viz.. Kufri Sutici and KWH (iiriraj. 

The eallusing response was inhibitory to shoot niorphogenesis. Inclusion of an 

established anti-auxin. 2. 3. 5-tri-iodobenzoic acid (TIBA) in the regeneration 

medium kicilitatcd a high frequency adventitious shoot regeneral ion response with 

lower cvtokinin levels. MS medium containing JI BA at 2.5 nut/I. and 

0.25 mg/I. zeatin evoked a 100% regeneration response. However, in c K.Girirai. 

which had lower levels of endogenous IAA. 80% regeneration response was recorded 

in an extended period on a medium containing 0.5 mg/L Fl l3A and 0. 3 mg/I. zeatin. 
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Although. TIBA and zeatin induced shoot bud fonuation. it fluted to support sustained 

growth of the regenerated shoots in cv K.Giriraj. Hence. 0.01 mg/I. NAA with a 

relative!y higher concentration of zeatin (1.0 mg/I.) were used tot sustained shoot 

regeneration 

Micropropagation of Iiur varieties of potato VIZ. KuI'ri Badshali. kulli Chandramukhi. 

Kufri Jyoti. Kuiri Sindhtiri was achieved by Jatinder c/ at (2000) through the 

production of minitubers. Shout nodal segments (1.0 cm) from in viva grown plants 

were excised. surface sterilized with mercuric chloride (0.1%)  and cultured on half 

strength MS medium. The shoots obtained in vitro were multiplied through 

suhculturing after three weeks on fresh medium having same composition. Five times 

shoot multiplication per cycle was achieved in all the fiur varieties. The plantlets 

were rooted in liquid half strength MS medium with IRA (1.0 mg/I). Complete plants 

thus obtained were hardened and transferred to soil. These green house grown plants 

produced minitubers after 2 I i2 months. 

2.4. Effect of growth regulators on root initiation and regeneration 

Sanavy and Moeini (2003) was conducted an experiment with ditlerent concentration 

oINAA and BAP to observe the best concentrations of auxin and cytokinine for root 

formation. The modilied solid (MS) medium without NAA and I3AP was ibund to be 

best lèr the lormation of roots and shoots. Addition of RAP and NAA in the medium 

decreased shooting and rootinil. respectively of single node cultures. 

An experiment was conducted by Sanavy and Moeini (2003) X%itli solid MS medium 

supplemented with 0.25 mg/L GA3. 0.01 rngJL NAA that showed significant 

dilThrenees between different p1-I levels in respect of its ability to root and shoot 

initiaiton in plantlets produced from the single nodes of two eultivar potato (So/ann/n 

(ztherosw;? L.) varieties after subjecting them with thermotherapy. Overall pH 5.5 was 

the best for all the traits. Low and high levels ofpH from 5.5 were found to reduce the 

growth and rooting of single nodes. The reduction was more definite at low levels 

than high levels of pH. 

Maxitnuni shoot regeneration in two indigenous potato (So/anun: tu/wrosmu I .. ) was 

observed by Sarker and Mustahi (2002) on MS semi-solid medium supplemented with 
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1.0 mg/L IMP and 0.1 mg/I. GA3. Among the two varieties. namely La! Pakri and 

Jam ARt the Ibriner showed best response in terms of number of shoots/explant. 

nodes/shoot and shoot length. Half strength of MS containing 0.1 mg/I IAA was 

found to be best for root induction from the excised shoots. 

in vitro shoots of Solanuin tuberoxun, cv. Spunta. were sub cultured on liquid MS 

medium containing different combination of BA or Kinetin by Shibli et al. (2002). 

Significant reduction in stem and interm)de length was observed by increasing BA 

and Kinetin concentrations. BA resulted in increased number of proliFerated shoots 

and number of roots. Single node cuttings were rooted on solid media containing 

NAA. IBA or IAA with or without GA3  in run) rooted shoots were successliilly 

acclimatized to in viva condition. Cuttings of 3 cm from glass house plantlets were 

successfully rooted by treating with l.Omg/L IBAtO.5 mg/I. IAA for five seconds. 

Sidikou ci at (2003) in their study observed the production and managemeni of  

microtubers using to varieties of potatoes. The selected genotypes were 

micropropagated in vitro in media containing dilièrent concentrations olsuerose at 2-

12°/o and 13.AP at 0-5 mgIL. Shoots were (brmed after one week All cultivars showed 

I 00% regeneration. 1he irequency of regeneration raised with increasing 

concentrations of sucrose (8%. 10%. 12(Vo) and BAP (5 mg/li. 

From the above review ol literature it appears that both callus induction and in ri/ru 

plant regeneration of potato are controlled mainly by three lietors such as explant 

including genotype. culture media and culture condition. 

17 



p 	CHAPTER 3 
MATERIALS 

AND METHODS 

c 



CHAPTER 3 

MATERIALS AND METHODS 

me eifecL of variable concentrations of NAA and BAP on in vitro callus induction 

and plant regeneration using potato sprout and their multiplication was conducted in 

the Genetics and Plant Breeding Laboratory and the Tissue Culture Laboratory of the 

Department of I3ioteehnology. Sher-e-Bangla Agricultural I niversity. Sher-e-E3angla 

Nagar, Dhaka- 1207. during the period January 2011 to December 2011. Three 

experiments Were conducted to fulfil the objectives of the present study. 

Experiment I: Sprouting potentiality of three BARI released potato under 

different concentrations of GA3  treatment 

Experiment 2: Callus induction and plant regeneration of three potato varieties 

supplemented with different concentrations of NAA and BAP 

Experiment 3: Acclimatization and establishment of plantlets in soil 

These experiments were done in ditThrent steps: 

Sprout initiation of the potato tuber by application of different doses of (IA 

In vitro callus induction from sprout of three 13.A[(l released potato varielies 

with the supplementation of dilicrent concentration oINAA and BAP. 

In vitro plant regeneration of three potato varieties with the suppknientation 

of different honnone concentration. 

In vitro multiplication of the plantlets 

Transfer of the in vitro plant in the net house 

In 1*0 aceliniatization of the in vitro plartlet 

In viva transfer of the potato plantlet to soil. 
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3.1. Experimental materials 

3.1.1. Plant materials 

Experimental materials are sprouts of three BAR! released popular potato eultivars 

(Plate l)viz. 

Granola(BARI Mu- 13) 

Diamant (BAR! Alu- 07) 

Asterix (BARI Alu-25). 

3.1.2. Sources of plant materials 

All of these potato tubers were collected from Tuber Crop Research Center (TCRC), 

Bangladesh Agricultural Research Institute (BAR!), Joydebpur. Gazipur. Disease free 

potato tubers were sprouted in the dark condition at room temperature with different 

concentrations of (iA3. 

Plate 1: Primary materials. A. Granola, B. Diamant and C. Asterix 
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3.2. Plan of work 

3.2.1. GA3  treatment 

Collect different varieties of potato from TCRC. I3ARI, Jovdehpur. Gazipur 

Wash them thoroughly with running tap water for several limes to remove soil 

from the potato 

Then wash them with liquid detergent for cleaning purpose 

Wash several times sth running tap water to remove detergent 

Now wash with distilled water 

Soak the potato tuber into liquid GA3 at the concentration of 40() ppnYL for 15 

minutes 

. Pour the GA in spray container 

Regular spray of the tuber for get immediate result twice in a cIa' 

To find out the best concentration of CiA; ditThrent potato varieties were 

selected for applying five concentrations ol' GA3  treatments ( 50.100. 200.300 

and 400 ppm/U. 

Afier 4-5 days sprout was initiated from the tuber 

Of this GA4 treatment. 400 ppm/L concentration Ibund the best for sprout 

initiation. hecatise it required less time for sprout initiation. 

3.3. c:ulturc media 

Success of any experiment depends on the etilture media. hormone combination. 

tissue and employing cell. N'lurashige and Skoog (1962) medium were used with 

ditThrcnt hormonal supplements as culture medium for cal us induction and nnU 

regeneration. ftc composition of MS medium has been presented in Appendix I 

I lonmrnes were added to MS media as per treatment Of the experiment. For the 

preparation of media. stock solutions were prepared at the beginning and stored in the 

refrigerator at 4±1°C. The respective media were prepared from stock solutions. 

3.4. Preparation of the stock solutions 

The first step in the preparation of the medium is the preparation of stock solutions of 

the various constituents of the MS medium. As diflèrenl media constituents were 

required in di Ikrcnt concentrations, separate stock solutions for the inacronutrients. 

micronutrients. Fe-EDTA (Iron stock). vitamins and grovlh regulators were prepared 

separately for read).  use. 
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3.4.1. Stock solution of n%acronutrients (stock I) 

Stock solution of macronulrients was prepared with 10 times the final strength of the 

medium in one liter oldistilled water (DW). Fen limes the weight of the salts required 

for one liter of medium weighted accurately. Dissolve all the maeronutrient one 

one except CaCl2. The stock solution of CaCl 2  should he prepared separately in order 

to avoid precipitation. And in this way. dissolved all the salts thoroughly in 750 nil of 

distilled water and linal volume was made tip to one liter by further addition of DW. 

The stock solution was poured into a clean sterilized glass container and stored in a 

refrigerator at 4°C Lbr ready use. 

3.4.2. Stock solution of inicronutrients (stock 2) 

A stock solution of all the micronutrients with 1 OOx concentration is generally 

prepared. Since copper and cobalt are required in very small quantities. it is preferable 

to first make a separate stock solution of those two salts (100*)  and then an 

appropriate volume can be pipetted and put into the main mieronutncnt stock 

solution. Ibis stock solution was also stored in refrigerator at 4 1 C. 

3.4.3. Stock solution of iron (Fe-EDTt) (stock 3) 

Iron-EDTA should be added fresh and it was made 100 times the final strength olihe 

medium in one liter DW. l-lcre. two constituents. Fe.SO4.71 lO and Na2EDTA. were 

dissolved in 750 nil of DW in a conical flask by heating in a water bath until the salts 

dissolved completely and final volume was made tip to one liter by further addition 

of DW. This stock should he stored in an amber color bottle or a bottle covered with 

an aluminum foil and stored in refrigerator at 4°C. 

3.4.4. Stock solution of vitamins and growth regulators (stock 4) 

The fbllowing vitamins were used in the present study for the preparation of MS 

medium. N4vo-inositol (Inositol). 

Nicotinic acid (Vitamin B3). 

Pyridoxin HCI (Vitamin 13(,), 

Thiamine lid (Vitamin 131), 

Glycin. 

Each of the vitamins except rnyo-inositol were taken at tOO times of their final 

strength in measuring cylinder and dissolved in 400 ml of distilled water. The final 
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Growth regulators I Abbreviation 

with group 

Auxin 
	

NAA 

(a-Napthalenc acetic acid) 

Cytokinin 	 I I3AP 

Molecular Soluhility 

weight 

186.2 lNNaOIlOr 

960M. Ethanol 

225.3 INNaULI 	- 

volume was made up to 1000 ml by further addition of distilled waler, this stock 

solution was also labeled and stored in a refrigerator at 4°C. 

3.4.5. Stock solution of hormones and growth regulators 

All the hormones are not soluble in water. Solubility of hormones are given in lable 

I. To prepare the stock solution of the hormones. 10 rug of the hormones was placed 

on a clean beaker and then dissolved in a few ml of particular solvent and then water 

can be slowly added to make the requisite volume. The mixture was then collected in 

a 100 ml measuring cylinder and was made up to 1(X) ml with DW. Concentraiions of 

compounds can be taken as mg/L or molarity. The solution Was then poured in to a 

conical flask and stored at 4°C in a refrigerator. 

Table 1: Molecular weight and solubility of some hormones 

(Benzylaniinopurine) 

3.4.6. Preparation of other stock solutions 

3.4.7. Preparation of IN NaOl-l: 

1. Put Weigh 40 g Na011 pellets 

Ptit this pellets in a dry I L volumetric flask 

Add slowly 900 nil, distilled water and stir until dissolved 

The flask in a thermostat at 20 °C and maintain for I hour 

Add distilled water tip to the I L-mark and mix the closed bottle. 
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3.4.8. Preparation of 70% Ethanol 

I. In a 100 nil measuring cylinder 70 nil 99.9% ethanol was poured. 

H. 	Double distilled water was poured up to the level of) 00 nil. 

Store the solution in a sterilized glass bottle 

•Fliis solution was made fresh each time before use. 

3.5. MS Media preparation 

To prepare one liter of MS medium, the following steps were lollowed: 

500 nil double distilled water was taken into 1 liter beaker 

100 nil of stock solution of macro-nutrients. 10 nil of stock solution of micro 

nutrient. 10 nil of stock solution of Fe-EDTA and 10 nil of stock solution of 

vitamins and growth regulators were added in this 500 nil double distilled water 

30g olsucrose was dissolved in this solution with the help ol magnetic stirrer 

Different concentrations of hormonal supplements as required were added either 

in single or in different combination to this solution and were mixed thoroutihlv 

Since each hormonal stock solution contained in 100 nil of solution, to make one 

liter of medium. addition of 1.0 mI/L and 1.5 mi/I. NAA and 0.5 mIlL 1.0 mIlL. 

1.5 mI/L and 2.0 mI/I. RAP singly was added to prepare I liter of medium 

Later different combinations of these two hormones NAA and BAP respectively 

were used viz. (1.010.5). (1.0+1.0). (1.0') .5). (1.0+2.0). (1 .5-'0.5). (1.5+1.0). 

(1.5- 1.5). (1.5+2.0) mg/L 

The whole mixture was then made up to I liter with further addition of double 

distilled water. 

3.6. pH of the medium 

pit of the medium Was adjtisted to 5.8 by pH meter with the addition of I N NaOH or 

0.1 N HCI whichever was necessary. 

3.7. Agar 

The media was gelled with S giL agar and the whole mixture was gently heated on 

microwave oven at 250°C Temperattire for 8-10 minutes. 
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3.8. Sterilization 

3.8.1. Sterilization of culture media 

Fixed volume of medium was dispensed into test tube. The test tubes were plugged 

,with lion- absorbent cotton. After dispensing the test tubes were covered wilh 

aluminum foil paper and marked with different codes with the help of a permanent 

glass marker to indicate speci lie hormonal supplement. •l hen the test tubes were 

autoclaved at 15 psi pressure at 121 "C for 20 minutes. The medium as then transfer 

into the culture room and cooled at 24°C temperature before used. Marking is also 

necessary. 

3.8.2. Sterilization of glassware and instruments 

Glassware, culture vessels, beakers. petridishes. pipettes. slides, plastic caps. other 

instruments such as forceps, needles, scissor. spatula. surgical blades, brush, cotton, 

instrument stand and aluminum loll were sterilized in an autoclave at a temperature of'  

1211' for 20 minutes at I Spsi pressure. Before this, all types of glassware instrument 

was washed properly by liquid detergent. cleaned with running tap water and finally 

washed with distilled water. 

3.8.3. Sterilization of culture room and transfer area 

In the beginning, the culture room was spray with formaldehyde and then the room 

was kept closed for one day. Then the room was cleaned through gently washing the 

floors walls and rakes with a detergent. This is Ibilowed by careful wiping them with 

70% ethanol. This process of sterilization of culture room was repeated ut regular 

intervals. 

The transfer area was also cleaned with detergent and also sterilized twice in a month 

by 70% ethanol. I.aminar air (low cabinet was usually sterilized by switching on the 

cabinet. The ultra violate ray kills the microbes inside the lalilinar airIlo . It s itches 

on 30 minutes hel'ore working in empty condition and for 20 minutes with all the 

instruments. The working surface was wiping with 70% ethanol. 30 minutes heibre 

starting the transfer work. 
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3.8.4. Precaution of ensure aseptic conditions 

All inoculation and aseptic manipulations were carried out under Laminar air flow 

cabinet. The cabinet was usually switched on with ultra violet tight halt an hour 

before use and wiped with 70% ethanol to reduce the chances of contamination. The 

instruments like scalpels, forceps. needles. surgical blades, scissor, pipettes. slides, 

plastic caps. spatula. brush. cotton etc. were presterilized by autoelaving and 

subsequent sterilization were done by dipping in 700,4,  ethanol Ibllowcd bN flaming 

and cooling method inside the Laminar flow cabinet. While not in use. the instruments 

were kept inside the laminar airilow cabinet into the instrument stand. I 'ands were 

also sterilized by 70% ethanol and wearing ol' hand gloves. It is also necessary to wear 

apron and mask to avoid contamination rate. Other required materials like distilled 

water, culture vessels, beakers, glass plates. petridishes etc. were sterilized in an 

autoclave following method of media sterilization. The neck of test tubes were flamed 

before open and also dipping with ethanol with the help of soaked cotton before 

closing it with the aluminum foil paper. Aseptic conditions were tollowed during each 

and every operation to avoid the contamination olcultures. 

c4 

3.9. Culture methods 

The Ibllowing culiure methods were in work in the present investigation. 

CV 	I. Explant culture 

co 	2. Subculture or transfer 

3.9.1. Preparation of explants 

The tuber sprout was first cut I'roni the potato and washed thoroughly with double 

distilled water into the laminar airflow cabinet. For surface sterilization, sprouts were 

then sterilized with 70% (viv) ethanol for one minute. Al'ter sterilization, the sprouts 

were then rinsed and washed with brush for three times with sterile distilled water into 

the petridish to remove the trace of alcohol. Afterwards the sprouts were transfer into 

another petridish and were again surihee sterilized by immersing in 0.1% 1 lgCl2  

solution supplement with three drops of l'wcen.20 mixtures and then finally rinsed 

and washed four times with sterilized distilled ater. The surilice sterilized disinfesteci 

sprouts were then cut into small segments and kept under sterilized distilled water mb 

the sterilized petridishes to make the sprout alive. Now the explants were ready for 

inoculation. 
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3.9.2. Placement of the sprout 

The surface sterilized sprouts were transferred aseptically to the test Lube and Flaming 

with lamp and covered with aluminum foil. Each and every test tithe was labeled with 

a code that indicates hormonal dose, replication number and date of culture. ihen the 

test tubes were incubating at 25± 2°C in dark condition under 24 hours dark periods 

into the growth chamber for 5-7 days or until callus induction. Alier initiation of 

callus, it was kept in light where it was 16/8 hours photoperiod. 'the observation of 

cultures was started from the 3"' day of inoculation and continued up to 281"  days. 

3.9.3. Inoculation of culture 

The explants were prepared carefully under aseptic condition inside the laminar 

airflow cabinet. One explant was directly inoculated to each test tubes (25x 1W 

containing ID ml ot MS medium supplemented with di fkrent hormone concentrations 

as per treatments. There were live replications for each treatment. 'I he test tubes were 

covered and sealed with aluminum foil paper. The total operation was done in the 

laminar airflow cabinet on the clean bench in sterile condition. 

3.9.4. Maintenance of calli 

Callus initiated after 3-5 days of explant inoculation in the nedium. The developed 

calli were also kept under 16 h photoperiod at 25±2 °C. 'the test tubes were checked 

daily to note the response and the development of contamination. 

3.9.5. Culture incubation conditions 

The prepared cultures were kept in a growth room on the shelves .All the cultures 

were kept at 25i 2 t1C illuminated with I .83-m ilorescent tubes (4.83 ft 0.1 llWl, 

Philips). '[hose tubes broad sprectum of light, especially in the red wavelength. The 

room was illuminated 16 h daily with a light intensit at' 3000 lux and monitored by 

using luxnieter. After four weeks of culture, callus tissues those which does not 

produce any shoot or root, were sub cultured at 21-28 days interval and finail 

transferred into the new medium. Piantlets developed from calli in this nieditini alter 

14-21 days. 
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3.10. Subculture 

3.10.1. Subculture of the callus for shoot rcgcncralion 

tour weeks after incubation of explants. the calli attained convenient size. l'hose 

which does not produce any root or shoot, were then remove aseptically Iruin the test 

tubes on a sterilized petridishes. and callus was cut into small pieces with the help of 

sharp sterilized blade and place again on freshly prepared sterilized MS medium in a 

glass vials inside the laminar airflow cabinet for shoot. root initiation. The suhcultured 

test tubes were then incubated at 25±°C with 16 It photoperiod . After shoot initiation. 

more light intensity was given for shoot elongation. l'he test tubes showing sign on 

contamination were discarded from the laboratory to reduce the rate ol contamination. 

Repeated subculture was attended at regular interval of' 21-25 days hile incubated 

under the same temperature. The observations and data collections were noted 

regtilarly. 

3.10.2. Subculture of the regenerated shoot for root initiation 

The subculture calli contained proliferated and dilIercntiated shoot and the 

microplants those which directly prodtice shoot Ironi the calli was 'again need to 

subculture. When these shoots grew about 4-5 cm in length. were taken out from the 

flask, separated from each other and placed on a sterilized petridishes. Leaf stem and 

internodal segments were cut aseptically into small pieces with the help of sharp 

sterilized blade or aseptic scissor and the small segments of stem were then used as 

explant. It was then again culttired in another culture vials with freshly prepared 

medium for root induction. Five segments of explants were directly inoculated into 

each vial containing 25 ml of MS medium. 

3.11. Transfer of plantlets to in VIVU condition 

When the plantlets attained 30 days old with fully matured well developed shoots. 

leaves and roots. then in rho rooted plants were removed from culture vials very 

carefully and aseptically with the help of line forceps. Attached medium to roots were 

smoothly washed out with the help of soft brush in the running tap water to remove 

adhering gel. Then the plantlets were transplanted to plastic pots containing 

autoclaved garden soil, sand and cowdung in the ratio of 1:2:1 and covered with 

plastic paper. Plants were kept under culture room conditions for 15.20 days then 

transferred to net house and placed under shade tintil growth was observed. 
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iransplantation of the plantlets was done in the afternoon. Immediately alter 

transplantation the plantlets were irrigated with a fine spray of water and the plantlets 

along with plastic trays were covered %vitl) transparent polvthene bags to prevent 

desiccation. Initially plants are kept in high humidity and with low light intensity. the 

humidity is gradually decreased to the ambient level after 7-15 days and the light 

intensity is increased. It was irrigated regularly at an interval of 2 days. 

3.12. Transfer of l)lafltlCtS to the soil 

After 7-10 days the plantlets were established and then the polvthene bags were 

removed. Finally, the plantlets appeared too self-sustainable and then transkr to soil 

in open environment. 

3.13. Experimental Factors 

The experiment consisted of two factors. 

Variety 

Different concentrations o1NAA and I3AP. 

3.13.1. Factor A: Experimental materials are I3ARI released three popular potato 

cultivars viz. -- 

Granola (BARI Alu- 13) 

Dianiant (RARI Alu- 07) 

Asterix (HARt Alu-25). 

3.13.2. Factor B: I)ifferent concentrations ofNAA and RAP. 

3.14. Treatments 

/n vitro clonal propagation teelmiques were applied for callus induction and potato 

plantlet regeneration. Sprouted bud was used as explant. MS (Niurashige and skoog. 

1962) medium supplemented with NAi ((x naphthalcne acetic acid) and RAP (Benzyl 

amino purine). was used as treatment combination. NAA with the concentration of 

0.0. 1.0 nig/L and 1.5 mg/I. and BAP with the concentrations of 0.0. 0.5 mg/F.. 1.0 

mgJL. 1.5 mg/I. and 2.0 mg/I. were used. Later dii] rent combinations of these iwo 

hormones were used viz. (1.0+0.5). (1.0+1.0). (1.0-1.5). (1.0-2.0). (1.5-0.5). 

(1.5+1.0). (1.5+1.5). (1 .5-2.0) rng/L. 
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3.15. Experimental design 

The experiment was laid in C:onipletely Randomized design (CRD) having two 

factors (Variety and Treatment) with five replicalions. 

3.16. Collection of data 

To investigate the effect of dilierent treatments of this experiment, the Ibllowing 

parameters were recorded: 

3.16.1. CA3  application and sprout initiation in tuber 

Days to sprout initiation: Atler spraying with variable concentrations of 

(iA3, starting date or spraying was recorded For each treatment and each 

variety. As soon as any sprout was initiated, record the data and count the 

number of days required to sprout initiation. 

Total sprouting time: I-low much time the individual variety actually require 

for total sprouting. 

Sprout length (cm): Maximum length of sprout was recorded in cm with the 

help of plastic scale. 

Number of sprout/potato: Maximum number of sprout per potato was 

collected and recorded. It varied with dit'lbrent variety. [lie mean value was 

calculated using the Ibilowing formula 

XYXi!n 
\Vliere. 

X= Mean of sprout/potato 

Y = Summation 

Xi 	Number of sprout/potato 

N = Number of observations! replication 

5. 	Node/sprout: The number of node per sprout was recorded. 

29 



3.16.2. In vitro callus induction 

Callus color: The color of the callus was laken whether it is white. ureen, 

light green. deep green. brown. pink, yellow or in combination of those color 

y\:j5Jqj observation. And the color of the callus varies with the light 

intensity, it was white in color tip to 5-7 days when it was kept in (lark 

condition. 

Texture of callus: Texture of the callus measured by either it is friable or non-

friable/ compact for their physical characteristics. 

Days to callus induction: Generally callus induction started after few days of' 

explant incubation. Days to callus induction was recorded until callus was not 

induced from the explant. The mean value of the data provided the days to 

callus induction. 

Percentage of callus induction: Percentage of callus induction were noted 

after 7.10 days 01' inoculation by using the following Ibrrnula: 

No. of explants induced cal Ii 
Percentage of callus induction 

	
100 

No. of induced calli 

Size of callus: It was measured with a plastic scale set under test tube from 

base to apex of' callus. Size of the callus was recorded at 7. 14. 21 28 days 

after inoculation (DAI) of callus. Callus length was measured horizontally and 

breadth was measured vertically. The formula (Thadavong c's' al.. 2002) used 

for estimating the size of callus is given below: 

Breadth + Length 
Size of callus 

Fresh weight of callus (gui): Callus weights were recorded at 14 and 30 days 

in grams after inoculation (DAI) of explants with the help of electrical digilal 

balance inside the laminar airflow with proper precaution. After that the callus 

was place in its previous place. 
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3.16.3. In vitro plant regeneration 

To investigate the eliëct of different hormonal treatment of this experiment, the 

following parameters were recorded. 

1. Days to shoot initiation: Shoot initiation started after 14-28 days of 

incubation of explants. The mean value of the data provided the days required 

101 shoot initiation. 

1 Number of shoots/plantlet: The number of shoot proliferated was recorded at 

14. 21 and 28 days after inocttlation (DA!) and the number ol 

shoots/explant was counted and mean was recorded. The ineait value was 

calculated using the following Ibnimla: 

X.rYXi/n 

Where. 

X = Mean of shootsiplant 	 / 

Summation 	
i•It; 

Xi 	Number of shoots/ plant 

N = Number of observations/replication 

Length of shoots/plantlet: The length of shoots in cm was measured using a 

plastic scale in laminar airflow cabinet at an interval oF 7. 14. 21 and 28 days 

after inoculation (DAfl. The mean value of the data provided the shoot length. 

Number of leaves/plantlet: Number of Icaves/plantlel was recorded by visual 

observation alan interval o17. 14,21 and 28 days after inoculation (DAI). The 

mean value of the data provided the number of leaves/plantlet. 

Days to root initiation: Root lorniation was initiated within 21-28 days. But 

in many cases within one week. The mean value of the data provided the days 

to root initiation. 

Number of roots/plantlet: The number of roots/plantlet was recorded at an 

interval of 7. 14. 21 and 28 days after inoculation (DAt) ol explants inoculation 

and it was recorded and mean was calculated. 



7. Length of roots/plantlet: The length of rootsplantlet was determined by 

using a plastic scale in side the laminar airflow cabinet by plotting the plant in 

a petridish. Length of root in cm was recorded at an interval of 7, 14. 21 and 2$ 

days after inoculation (DAT) of explants inoculation and it was recorded and 

mean was caleulaied. 

3.16.4. Subculture of in vitro plantlet 

Number olshoots/plantlet 

Length of shootiplantlet (cm) 

Number of leaves/plantlet 

Number oiroots/plantlet 

l.ength of roots/plantiet (cm) 

3.17. Acclimatization 

3.17.1. Transfer of plantlets from culture vessels to soil 

During the in viva acclimatization and the establishment of the previously regenerated 

and suheuitured pianilets in to the soil, data were collected for the following 

parameter. 

3.17.2. Survival rate (%) of plantlets 

The survival rate of established plants was calculated based on the number of plants 

placed in the cubicles and the number of plant,; finally survived. lite survival rate of 

plantlets established were calculated by using the following formula: 

Number ol established plantlets 
Survival rate (%) of plant = 

	
X tO) 

Total number of plantlets 

3.18. Statistical analysis 

The data for the characters under present study were statistically analyzes where 

applicable. The experiment was conducted in growth chamber and arrunged in 

Completely Randomized Design (CRD). Data were analyzed using MSI'Af-C 

statistical package programme. The analysis of variance was performed and 

differences among the means were compared by the Least Significant DilThrent test al 

5% level ot' significance. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

1hree separate experiments were conducted to study the perlbrniancc of di lirent 

concentrations of (JA3  on sprout initiation of three BAR! released cultivated potato 

varieties Granola. Dianiant. Asterix, the elThci of different hormone concentration,,  of  

N.AA and RAP on in Now callus induction, plant regeneration and their in viva 

stablishment to the soil. The results obtained from these studies have been presented 

and discussed separately tinder different heading. Each of the parameter as influenced 

by varieties, treatments and their combinations were discussed. Some of the data have 

been given in Tables (1-19): while others shown in Plate (1-31) and Figure (1-3) lbr 

discussion. comprehension and understanding. Moreover, summarized analyses of 

variances in respect of parameters sttidies have been in Appendices L F-X . 

4.1. Experiment I: Sprouting potentiality of three BARI released 

potato under different concentrations of GA3  

treatment 

The experiment was condiLeted to study the effect of live dili'erent concentrations (50. 

100. 200. 300 and 400 ppm/L) of GA3 on sprouting potentialit within short period of 

time on BARE released three potato varieties. The experiment was carried out under 

laboratory condition. The results are presented in Table 2. 

4.1.1. l)ays to sprout initiation 

The potato eultivars responded differently with di l'krent combination of CiA-, 

concentration. It was revealed that the variety Granola responded very quickly flu 

sprouting. Days to sprout initiation was the minimtim in 400 ppm/I. of (iA3 

application for all the three varieties (Table 2 and Plate 2). Within this concentration. 

Granola showed the minimum (3 days) days for sproutng and it was the maximum (5 

days) in Asterix. Maximum days for sprout initiation was observed with 50 ppm of 

GA1 in all the varieties, where Diamant took the maximum Cl 2 days) and the 

minimum (9 days) was in Granola. It revealed that days to sprout initiation gradtLally 

decreased with the increased concentration oI'G.A. 
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'fable 2: Sprouting potentiality of three BARI released potato under different 

concentrations of GA3  treatment 

GA3 	Variety Days to 	Total i Length of Numher 	Node/ 

Treatment 	 sprout 	sprouting Sprout 	of sprout/ sprout 

(ppmiL) 	 initiation 	time 	(cm) 	potato 

Granola 

0 	Diarnant 	 Sprouting was not occurrcd in oil-season 

Asterix 

50 	Granola - 9 	15 	2-3 	- I 	2 

Diamant 	12 	25 	2-3 	I 	2 

Asterix 	11 	25 	2-3 	2 	2 

100 	Granola 	9 	16 	3-3.5 	4 	3 

Diarnant 	12 	22 	2-3 	1 	2 

Asterix 	10 	14 	2-23 	2 	2 

200 Granola 4 	10 	2-2.5 	5 - 3 

Diamant 	7 	15 	3 	 3 	3 

Asterix 	7 	10 	1 	4  

300 	Granola 	4 	tO 	1.7-2 	5 	4 

Diarnant 	7 	12 	- 	4 	3 	4 

Asterix 	6 	10 	4 	4 	4 

400 	Granola 	3 	7 	1-1.5 	6 	4 

Diarnant 	4 	12 3-3.5 	5 	4 

Asterix i 5 	9 	4 	 5 	4 
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4.1.2. Total sprouting time 

Total sprouting time was also the minimum in 400 ppmiL of GA-, IreaLmem Granola 

took only 7 days lbr total sprouting and it was the maximum (12 days) in Diamant. 

4.1.3. Length of sprout 

Average sprout Length varied from 2-4 cm for all the treatments and varieties. 

Remarkable variation was not notice for this morphological trait among the 

experimental materials. 

4.1.4. Number of sprout/potato 

Number of sprouc/polato was minimum I and it was maximum (i in 400 ppm/[. GA 

application. It was observed that lower concentration of (IA; produced minimum 

sprout for all the varieties under study and it increased generalls with higher 

concentration. 

4.1.5. Node/sprout 

The maximum sprouting (4 node/sprout) was fthLnd in 400 ppm/L of CIA3  application. 

node/sprout ranged from 24 for all the treatments and varieties. No remarkable 

variation was responded [or this trait. 

The overall experimental findings revealed that the varieR Granola was the most 

responsive to GA; application for sprouting. Higher concentration of GAz showed 

better performance to sprouting for all the materials under study. l'hc treatment 400 

ppm/I. GA1 concentration found the best for sprout initiation, because it required less 

time to get maximum number of sprout. 
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Plate 2. Maximum sprouting @ GA3 400 ppm/L concentration. Sprouts of 

A. Granola, B. Diamant and C. Asterix 
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4.2. Experiment 2: Callus induction and plant regeneration of three potato 

varieties supplemented with different concentrations of NAA  

and HAl' 

4.2.1. Callus color and callus texture 

Three potato varieties Granola. Diamant. Asterix were cultured on MS media 

supplemented with dilièrent concentrations of NAA and 13AP Color of calli were 

\silite from the beginning but DAI. calli were mostly change 11110 green. light green. 

deep green. brown. pinl< and yellow. Most of the calli were non Ii-iable in texture. 

The effect of NAA and RAE' for callus induction are presented in I able 3-5. There 

was wide range of variation in days to callus induction. I he result of the study have 

been presented and discussed under the following headings. 

4.2.2. Days to callus induction 

The results of major effect of varieties on days to callus induction have been 

presented in Fable 3. l'he sprout segment from three potato varieties were used as 

explants and cultured on MS medium supplemented with different concentrations of 

NAA and RAP. The main ciThet of varieties revealed that there was siQnilicant 

difference on days to callus induction. The maximum days to callus induction 5.94 

days) and the lowest (4.46 days) were noticed in Asterix and Dianiant variety 

respectively. 

There was signiticant intluence of different hormone combinations and concentrations 

of NAA and RAP on days to callus induction. The maximum days (7.9.3 days) to 

callus induction was fotind at 1.0 mg/I. NAA followed by 1.5 NAA mg/I. (7.0 days) 

and the minimum 0.53 days) was observed in 1.0 mgiL NAA'1 1.5 mg/I. HAP ( iable 

4 and Plate 3). This result is similar with Kollist et cii. (1994). He found that low 

concentrations of auxin and high concentrations of cytokinin were effective for callus 

formation. 

The combined effect of different potato varieties and hormone showed significant 

variation on days to callus induction (Appendix II). ftc niaxijutini days (14 days) to 

callus induction was noticed in the treatment combination 1.5 iii.z/l. NAA in variety 

Asterix. The minimum days (3 days) to callus induction was lound in variety Granola 

with 1.0 mg/I. NAA+ 1.5 mg/I. RAP (Table 5). Auxin is an important media 

supplements for callus induction in culture. No callus was formed when explants of 
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Size of callus (cm) Fresh weight of callus 

(gin)_____ 
14 21 28 Initial Final 

DAI DAI DAI weight weight 
(13DM) (30DM) 

0.72 - 1.07 	i 1.61 0.89 1.91 

0.72 1.03 1.44 0.83 1.73 	- 
- 	0.64 1.00 1.42 0.63 ____ 1.30 

0.017 0.024 0.029 0.025 0.047 -. 

0.72 1.07 1.61 0L89 1.91 

064 1.00 1.42 6.6z 1.30 

0.067 0.033 0.136 0.111 0.220 

NS NS NS 

Variety 	Days to 
callus 
induction 

Granola 
Dianiant 
Asteri x 

S E± 

Mi n 
L SD 

Level of 
m i ficanee 

7 
D,tl 

4.56 

±46 

0.42 
0.41 

5.94 0.39 
0.164 0.007 

0.42 
4.46 0.19 

0.416 
. 

0.144 

different verities were cultured in fresh MS media ithout hormone and I3AP alone 

(0.5.1.0.1 .5 and 2.0 mg/I.). 

Table 3: Effect of different varieties on days to callus induction, size and fresh 
weight of callus at different days after inoculation 

Table 4: Effect of different hormones on (lays to callus induction, size and fresh 
weight of callus at different 

Hormone 	- 	Days to 

induction 
callus  

T1Norrnal  

days after inoculation 

Size of callus (cm) 

7 	14 	21 	28 
DAI 	DAI 	[Ml 	[MI 

Fresh weight of 

i 	Initial 	Final 
weight 	weight 

i (14 	(30 
J)Al) 	DAI) 

JT3=L(! 
T2=0.513AP  

- - 

15-2.013AP - 
T4l.513AP  

- - - - 
1.77 
1.31 

- 
- 	1.02 

0.92 
1.79 

1.98 

16= I .ONAi\ 
T71.0NAi\+0.513AP 

1 	7.93 	0.47 	0.78 
3.67I 0.37 0.59 

1 	1.36 
1.03 

18=t.ONAA+1.013AP 4.20 038 0.64 0.86 1.22 0.72 1.63 
F9=1.0NAA+1.5BAP 3.51 0.34 0.54 0.71 1.14 0.65 1.15 
Tiff-  I .ONAA 2.OBAP 
111= l.5NAA 
112-I _S\A'Y-Q 	BAP 

5.73 0.37 0.62 0.86 1.31 0.53 1 	1.46 
7.80 
-3.93 

0.49 
038 

0.86 
064 

t0.81  

0.76 

1.36 
097 
1.11 
1.03 

1 	1.94 
1.41 
1.76 

1.53 

0.87 
057 
1.01 
0.68 

2.08 
1 2 
1.95 
1.46 
171 

113-i .SNAA*1 ORAl' 
_T14-l.5NAAf1.5BAP 

115=1 SNAA+2013AP 

Ma 	- 
Mm 

4.13 0.44 
4.40 
453 

040 
040 070 

0.017 
086 
0.54 

0.123 

103 

0.024 
136 

1Th.71 
{0.060 

I SI 
0.029 
191 
1.14 

0.248 

0S7 
0.025 
101 

0.53 

0.164 0.007 0.047 
793 049 

0.203  

20S 
1.15 3.53 

 0.759 
0.34 

+ !.SD 
I L\Ll 01 signilicancc 

0264 
I ** 
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0.99 

0.87 

0.64 

0.62 

0.78 

0.73 

2tLSI 
OAI 	0.73 

0.41 	0.69 

0.35 	0.54 

0.37 	0.57 

0.30 	0.50 

6.38  j 030 
0.43 I 079 

06 T102iTh35 2.10 
0.29 0.36 0.53 jq95 
0.457 2I3 

1 

(liDs 0.43( 
** Mt  NS 

i.36 	- 	2.51 14.00 
Mn 
	

3.00 
I.SF) 
	

1.3 IS 
Level oIsii2' 

Table 5: Combined effect of different varieties and different hormones on (lays to callus 

induction, size and fresh weight of callus at different days after inoculation -- 
Variety 	Horinotie flays to Size of callus (cm) 	T Fitch weight of callus (gui) 

callus 7 	14 	21 	28 Iniiial weighi 	Final we1211 

induction [Ml 	DAT 	DAT 	L)AI II days) 	(30 da s) 

Granola 	'Ft 	Normal MS  
12'0.5IIAP - - 

- 	- 	 - 

13 	I.OI3AP - - - - - 	- 	 -I 	- 

T5-2A)IIAP  
16 	I.ONAA . 2.90  0.42 0,81 1,34 1.76 	1.36 	237 

T7=l.ONAA+0.513AP 380 0.29 0.36 0.86 0.95 	0.31 	0.64 

AM I.OBAF' I 	3.80 
T9=I.ONAA t I.SRAP 

I 

 

1'I0--I.0NAA+2.OBAP 

1= I .5NAA 
T12-LSNAA't-0.SI3AP 

113-1.5NAA I.ORAP 

It 4= I.SNA A1.5 BA 1' 

I  Tl5-1.5NAA2.0I3AP 

fl Nornal MS 
i T2=0.SBAP 

13 I .OBAP 
Diamaiit 	II - I .513A 

T5:2.0B,l  

lb l.ONAA - 

[7=1 ,ONAA - i).SBAI' 

7S7 I .ONAA- I .OI3AP 
T9= I .ONAA' I SnAP 

Tl0 1.()NAA*2.OI3AI' 

1= I.SNAA 
TI 2-I .SNAA+0.SI3AP 

II) I.51NAA I.OBAP 

114=I.5NAA+L5RAP 
115=I.5NAA2.ORAP I 
TI Nuriitut MS 

fl=0.5 BA P 
1.3 
	I .OIJAI' 

Asterix 

16= I .ONAA 
17- I .ONAA+0.SBAP 

'[8 I .ONAA I ORAL' 

T9= I .ONAA I .SBAP 

110 1 .0NA\ - 2.OBAI' 

TIl I.SN.\A 

'Ii j5\Jft  -IJ,SIJAP 

I OBAP 

Tl41.5NAA-1 l.513A1' 

TIS=I .5NAA 2.0I3AP 

0.41 0.72 0.97 1.39 

0.38 0.66 _0.()0 

0.89 

1.16 
I .5-I 0.40 0.75 

0.66 1.02 1.42 

0.77 

1,22 

1.90 

1.53 0.38 0.51 

0.76 0.38 1.98 

0.49 0.99 

0.63 

1.26 

1.03 

1.65 
1.74 036 

0.92L -  0 

0.41 0,69 1.07 1.45 ft85 IA2 

032 0.51 , 	0.72 1.19 0.65 1.47 

030 042 053 DOS 052 	I 
034 0.54 0.66 1.17 0.37 0.79 

0.50 0.90 FL75 2.10 0.67 - 2.51 

0.38 0.70 0.96 I sO 0.34 0.89 

0.50 1.02 1.16 1.76 1.31 2.43 

0.36 0.64 0.88 1.40 0.52 1 	1.27 

Ri 11.33 	0.67 
	

1.35 

1.92 

1,54 

1. 78 

1.39 

I.3 

2.19 

1.67 

137 

'.57 

.1.80 

4.80 

4.00 
4.40 

5.40 

3.40 

4.00 

4.20 

6.70 
5.00 

3.40 

4.00 

4.80 
4.20 

I 1.40 

3.40 

4.80 

3.80 
540 
14.00 

3.60 

360 

1.30 1.99 0.98 

1.15 1.19 1.25 

0.88 1.33 - 0.82 

0.69 1.29 0.57 

1.02 L211 0.58 

0.90 . 	I £3 (L90 

1.19 1.21 0.77 

0.94 1.55 1.11 
0.96 1.53 - 035 
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Plate 3. Callus induction at 7 DA! on MS media supplemented with 1.0 mg/L 
NAA+ 1.5 mg/L BAY in A. Granola, B. Diamant and C. Asterix 

Ii] 



4.2.3. Percentage of callus induction 

Percentage of callus induction varied among the varieties used in the present study. 

NAA with the concentration of 1.0 mgfL (16) and 1.5 mgIL (TI I) alone induced 

callus and also in combination with RAP, these two hormones viz. 1.0 mg/L 

NAA+0.5 mg(L BAP (T7), 1.Omg!L NAA+1.Omg/L BAP (TX), 1.0 mg/L NAA+1.5 

mg/L BAP(1'9), 1.0 mg/L NAA+2.0 mg/I4 RAP (110), 1.5 mg/L NAA+0.5 mg/L 

BAP(T12), 1.5 mgIL NAA+I.0 mg/L BAP(T13). 1.5 mg/L NAA+1.5 mg/L RAP 

(114). 1.5 mg/L NAA+2.0 mg/L BAP(T15) were also induced callus. MS media (Ti) 

without hormone and BAP 0.5 mg/L ( 12  ) 1.0 mg/L (13), 1.5 mg/L (14) and 2.0 

mg/L(T5) alone did not induce callus. 

In the case of Granola no callus was formed in TI (Normal MS), 12 (0.5 mg/L BAP), 

T3 (1.0 mg/L BAP), 14 (1.5 mg/L RAP) and 15 (2.0 mg/L BAP). Maximum 

percentage (100%) of callus was induced in treatment 17 (1.0 mg/L NAA+0.5 mg/L 

RAP). 19(1.0 mg/L NAA+I.5 mg/L BAP) and 113 (1.5 mg/LNAA+I.0 mg/L BAP) 

and minimum percentage (80%) of callus was induced in 110 (1.0 mg/L NAA+2.0 

mg/L BAP) and 112(1.5 mg/L NAA+0.5 mg/L RAP) (Figure 1). 

Granola 110 
100 

90 I: 
70 
60 

so 
40 

910 

30 
20 
10 

Ti 	12 	13 	T4 	TS 	16 17 	18 19 T10 111 112 113 T14 115 

Treatment 

Figure 1: Effect of different honnones on percentage of callus induction of 

Granola 
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In the case of Diamant, no callus was induced in TI (Normal MS), 12 (0.5 mgfL 

BAP), T3 (1.0 mg/L BAP), T4 (1.5 mgfL BAP) and T5 (2.0 mg/L BAP). Maximum 

percentage (100%) of callus was fonned in T7 (1.0 mg/L NAA4-0.5 mg/I. BAP) and 

112 (1,5 mg/L NAA+0.5 mgfL BAP) and it was minimum (60%) in 110 (1.0 mgfL 

NAA+2.0 mgfL BAP) (Figure 2). 

	

110 	 Diamant 
100 

go 
80 
70 

60 
so 
40 
30 
20 

10 
uUUUuuUUU 

Ti 12 13 T4 15 16 17 18 19 110111 112 T13 T14T1S 

Treatment 

Figure 2: Effect of different hormones on percentage of callus induction of 

Diamant. 

When the variety Asterix took under consideration, it was revealed that no callus was 

induced in TI (Normal MS), 12 (0.5 mg/IS BAP), T3 (1.0 mg/L BAP), T4 (1.5 mg/L 

BAP) and T5 (2.0 mg/L BAP). The maximum percentage of callus induced in T12 

(1.5 mg/L NAA-+-O.S mg/L BAP) and T13 (1.5 mg/L NAA+1.0 mg/L BAP) and it was 

minimum (50%) in T6 (1.0 mg/L NAA) (Figure 3). 

	

110 	 Asterix 
100 

90 
so 

	

II 	iIiiiiIlIll 
Ti 12 13 T4 15 T6 17 IS 19 T10 111 112 113 114 115 

Treatment 

Figure 3: Effect of different honnones on percentage of callus induction of 

Asterix 
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4.2.4. Size of callus 

The size of callus was recorded after 7, 14, 21 and 28 days of cultured on MS media 

containing different concentrations of NAA and BAP. The results have been 

presented in Table 3-5 and Plate 4-7. 

The main effect of varieties showed non significance variation on size of callus at 

different DAI (Appendix TV) (Table 3). The highest size of callus was found in the 

variety Granola (0.42, 0.72, 1.07 and 1.61 cm at 7, 14,21 and 28 DAI, respectively). 

The size of the callus increased gradually with advancement of DAI in this variety. 

The minimum size of callus was found in the variety Asterix (0.39, 0.64, 1.0 and 1.42 

cm at 7, 14, 21 and 28 DA1. respectively). 

The main effect of different concentrations of NAA and BAP showed significant 

variation on size of callus at different DAT. At 7, 34. 21 and 28 DAI, the hormone 

concentration of 1.5 mg/L NAA showed the highest size of callus (0.49, 0.86. 1.36 

and 1.94cm respectively at 7. 14,21 and 28 DAI) and the lowest size of callus (0.34, 

0.54, 0.71 and 1.14 cm, respectively) was observed at the hormonal combination 1.0 

mg/L NAA +1.5 mg/L BAP (Table 4). This result was supported by Isaaes (3979) 

who stated that callus growth enhanced in medium supplemented with NAA and 2. 4-

D. 

The combined effect of varieties and different concentrations of hormones showed 

significant variation on size of callus at different DAI (Table 5). But in 28 DAI it 

showed non significant variation. At 7, 14, DAI the highest callus size (0.66 and 1.02 

cm respectively) was observed at 1.5 mg/L NAA with the variety Granola and the 

lowest size of callus ( 0.29 and 0.36 cm, respectively) was found at 1.0 mg/L 

NAA+0.5 mg/L BAP in the same variety. At 28 DAI, the highest size of callus (2.10 

cm) was found at 1.5 mg/L NAA with the variety Diamant and the lowest size of 

callus (0.95 cm) was observed at 1.0 mg/L NAA +0.5 mg/L BAP in the variety 

Granola. 
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Plate 4. Maximum sue of callus at 7 DAt on MS media supplemented with 1.5 

mgiL NAA in A. Granola, B. Diamant and C. Asterix 

4 
A 	 B 	 C 

PlateS. Maximum size of callus at 14 DAt on MS media supplemented with 1.5 
mg/L NAA in A. Granola, B. Diamant and C. Asterix 
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Plate 6. Maximum size of callus at 21 DAI on MS media supplemented with 13 
mgfL NAA in A. Granola, B. Diamant and C. Asterix 

0 

I 

A 

Plate 7. Maximum size of callus at 28 DA1 on MS media supplemented with 1.5 
mg/L NAA in A. Granola, B. Diamant and C. Asterix 
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4.2.5. Fresh weight of callus 

There was signil9cant dillerenec in initial and final weight of callus anmng the 

varieties. The maximum weight of callus was observed in cv. Granola t0.89 (,,in and 

1.91 grn at 14 DAI and 30 DAI respectively) whereas the minimum weight of callus 

was recorded in variety Asterix (0.63 gm and 1.30 gm at 14 DAI and 30 DAI. 

respectively) (Table 3). 

The weight of callus was observed to be increased significantly due to di lThrcffl level 

of hormones (Fable 4). ftc maximum weight of callus (I .02 gin) at 14 I )A I sas 

found in the treatment I .0 mg/L NAA whereas the minimum weight of callus was 

(0.53gm) at treatment combination 1.0 mg!L NAA-12.0 nig/L RAID At 30 F)Al ihe 

maximum weight was recorded (2.08 gm) at 1.5 mgJL NAA. On the other hand. 1.0 

mg/I. NAA+1 .5 mg/L RAP produced the minimum weight of callus (1.15 gui) (Table 

4). [his result is similar with Gynheung c/ al. (1986) and partially aggre the result of 

Fiegert ci al. (2000). 

There was significant interaction effect between the varieties and hormone 

concentrations on callus weight at 14 and 30 DAI. The highest weight of callus (1.36 

gni at 14 DAI) was found in the variety Granola with the Lreatmcnt combination 1.0 

mg!L NAA and the lowest weight (0.31 gm and 0.64 gun at 11 DAI and 30 1)\ I. 

respectively) in the variety Granola with the treatment combination 1.0 mg'L 

NAA+0.5 rng/L RAP. \Vhereas at 30 DAI the maximum weight (2.54 gui) was 

observed in the variety Diatnant with the treatment combination 1.5 mg/I. NAA 

(Table 5). Fomenko et cii. (1998) also showed that diflerent genotypes reacted 

di[Thrently to the growth regulators in terms of callus formation. 
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2.13 

0.217 

** 

4.2.6. Days to shoot initiation 

Days to shoot initiation was recorded after 7. 14. 21 and 28 days of cultured on MS 

media conta ning different concentrations ol NAA and BAP. Jhe results have been 

presented in Table (i-S and Plate 8. 

Potato varieties differed significantly,  in days to shoot initiation. In 7 DAI it showed 

non signilicant variation among the varieties. The maximum days to shoot initiation 

was observed in variety Asterix (15.09 days) whereas the minimum days was 

recorded in variety Granola (13.l7days) (Table 6). Ao and Liti (1998) observed the 

varietal dilThrences ol shoot regeneration in potato. I lamdi et at. (1998) also reported 

the similar results. 

Table 6: Effect of different varieties on days to shoot initiation and number of 

shoots/plantlet at different days after inoculation 

Number of shoots/plantiet 
7DA1 I 14DM I 21 DAt 

Level of 
significance 	** 	** 	** 

7
Variety 

Granola 
Diamani 
Asterix 

Max 
' 	Mm 

LSD  

Days to 
shoot 
initiation 

13.17 
1 3.63
15.09 
0.567 
15.09 
13.17 
0.995 

28 DAt 

3.00 
2.12 
1911 

0.120 
3.00 
1.91 
0.366 

** 

	

0.84 
	

1.59 

	

0.52 
	

0.92 

	

0.44 
	

0.91 

	

0.058 
	

0.081 

	

0.84 
	

1.59 

	

0.44 
	

0.91 

	

0.128 
	

0.198 
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I cxi 

1.27 

L 1.87 

1.67 

1.73 

1.13 

0.87 

2.67 

1.53 

4.87 

0.120 

4.87 

0.87 

0.818 

There was also significant intluence of different concentrations of NAA and RAP on 

days to shoot initiation. The maximum days to shoot initiation was recorded on 1.5 

mg/I. NAi (23.47 days) and 1.5 mg/I. NAA+1.5 mgi BAP required minimum days 

(6.87 Days) to shoot initiation (Table 7). 

Table 7: Effect of different hormones on days to shoot initiation and number of 
shoots/plantlet at different days after inoculation 

Number of shoots/plantlet  

7 DA] 	14 DAI Th21  DAI I 28 DAI 
Hormone 

'11 -Normat MS 

f2=0.5 RAP 

13-1.0R.AP :f4 
I.5BAP 

Iow 

52.013i\l 
1-6-= 1 .0NA\ 

1'7'1 .ONAA0.5BAP 

1'8=1.ONAA 1.0BAP 
7
19-1 .ONAA -1 .5}3AP 

110-I .0NAA-2.013AP 

J ii i .SNAA 

Tt21 .5NA+0.5L3AP 

'l'l 3=1 .5NAA ij  .ORAP 

T14-I .5NAA-4-1 .5BAP 

115-I .5NAA+2.OBAP 

Sli+ 

Max 
Mm 

______ LSD 
I ,evel of siuni Iieance  

flays to 

shoot 
initiation 

7.00 

7.00 

7.00 

11.33 

7.00 

22.27 

18.73 - 0.33 

22.93 0.06 

16.07 0.01) 

113.47 0.27 

23.47 - 0.00 

933 0.67 

22.67 0.00 

6.87 1.71  

17.33 0.00 

0.567 0.058 

23.47 1.73 

6.87 0.27 

226 	0.286 	0.442 

0.07 

0.6(1 

0.07 

1.67 
0.40 

3.00 

1 	0.80 

0.081 

I 	3.00 

0.93 

Ott 

2.33 

0.53 

3.40 

0.089 

3.40 

0.40 

0.485 
** 

1.27 1.80 

2.67 3.00 

2.27 2.53 

1.00 120 

2.13 2.87 

0.20 0.60 

0.67 1.33 

0.27 0. 

The combined effect of varieties and hormonal comhinaiions on days to shoot 

initiation has been presented in the Table S. I 1cm the maximum days to shoot 

initiation was found in variety Asterix (29.60 days) with It) nig/L NAA1 1.0 mg/L HAP 

and the minimum days to shoot initiation in variety Granola (5.40 days) at 1.5 mg/I. 

NAA+I .5 irig/L HAl'. 
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TableS: Combined effect of different varieties and different hormones on shoal 

ktii!QQ!I number ofshoots/plantlel at different (lass alter inoculation - 

Va 	 H riety 
T 	

ormone 	Days to shoot 	I 	Number of shoots/plantlet 

________ 	 - inhiiaiiOIt 	_7DM 14DM 21DM 28DM 

Granola 	TiNorinal MS 	 7M0 	I 	1.00 	1.00 	1.60 	2.60 

7.00 	1.60 j 2.60 	3.00 	LOU 

T3=I.OBAP_____ 3.00 L 3.60 	4.0(1 5.80 

12 t.513AP 	 7.00 	I 1.0  

T5=2.OFIAP 	 7.00 	I 1.403.00 	3.10 ______ 

T6- I.ONAA 	13.00 	0.20 	1.001.00 	1.60 

T7I.ONAA '0.5BAP 	14.00 	0.80 	1.60 	2.20 	2.60 

1'8l.ONAA 4 1 .ORAP 	19.60 	0.00 1 	0.40 	I 	1,60 	iSO 

19-  LONAA i 1.513AP 

	

21.00 	- 0.00 

	

17.40 	0.40 

	

15.40 	LJ  

0.20 
1.20 
LOU 

IOU 
1.80 

1.60j 
ISO 110=1 .ONAA '2.0R,P 

ill 	LSNAA 	- 
112 	I .5NAA 'O.SBAP 

1.60 
0.80 
1.20 

1.80 
2.40 
2.20 

25.20 	0.00 11,00 

1.20 
400 

113=1 .5NAA I_I.0l3,W 14.00 
- - 	5.40 

0.00 

f 	3.20 TN- I .5NAAtI.513AP 4.80 7.011 

I'15=I.5NAA'2.OI3AP 17.60 0,00 
1.00 

(1.60 
IOU f 	

0.80 	1.80 

	

1.40 	1.40 TI5NoniaI MS 

1.1' I -0.5BAP 
i12 - I.013AP 

7.00 
7.00 1.00 100 

1.80 
1.80 

j 	3.40 	-. 	6.40 
L80 	2.20 
2.60 	3.20 

7.00 1.00 
1.00 113=1 .5BAP 

TI4-2.OBAP 	 - 
7.00 

- 7.00 1.40 1.10 2.80 	I 	3.20 

- 19-  i.oAA 14.00 0.00 1.00 
0.40 

o.ioF 

1.60, 	1.60 
1.40 	2.00 
1.20 	1.40 

TI =I.ONAA 0.5RAP 16.80 
- 	19.60 - 

7.00 

020 

0.00 - - T2-I.0NAA+1 ORAL 
13 	I .ONAA 	I .5BAP 1.00 2.00 

001) 	- 
0.00 

3.00 	3,00 
000 	000 
020 	1 	1.00 
1.0o 	1.40 

i 	o.o 	I 	lu 

J 	0.80 	1.00 
2.4(1 	3.20 
3.00 	3.20 

J 	1.00 	2.60 

IOU  

14=1 0NAA2 OBAP 000 000 
0.00 110- 1.5NAA 

151.5NAA 0.5BA1' 
2720 
21.20 0:00 

0.60 
0.00 
0.00 
1.00 

11.00 
0.00 

0.00 
1.80 

T6-I.5NAAiI.ORAP 

1 7'I.5NAA 	I.5BAP 
26.60 
14.20 

18'-I.5NAA '2.ORAP 
Ii 	Normal MS 

22.80 
8.20 

T20.5F1AP - 	
I .013,\l' 

7.00 
- 	7.00 

2.40 

1.00 

3.01) 
1.00 

T4'1.511AP 7.00 1.00 2.60 3.00 3.60 
15=2013AI' 7.00 1.00 2.00 2.40 140 
16 LONAA 7.00 1.00 I .00 I .00 I .60 
17=1 .ONAA 1 0.5RAP 
'F8I.0NAAI.0BAJ' 

25.40 0.00 
0.00 

0.00 
0.00 

0.40 
1:00 

1.00 
1.80 29.60 

TO 	I .0NAA- I .5BAI' 0.00 0.00 
0.40 
0.00 
0.00 
0.00 

0.00 
0.60 
1.00 
0.20 
0.00 

0.00 
1.00 
1.00 
0.75 
0.20 

0.00 
1.60 
1.00 
1.40 
1.00 

1 lOr  I .ONAA 2.OBAP 
III = I .SNAA 
112 	I.5NAA+0.513AP 

14.00 
14.00 
24.00 
27.40 113=1 .5NAA 	I .OBAP 

T141.5NAA±l.SRAP 
lb I 	NAAJ 0DM' 

22.40 
2640 

0.00 

j 	000 

0.40 
000 

0.40 

020 
(1.089 

4.80 
0.20 

2.20 
10111 

(1,110 
7.01) 
1.00 

SE- 
Max 

0.567 1 	0.058 
120 
0.20 

GuS I 
-1.00 
u.20 

29.60 _L 
Mm 5.40 

LSD 
Level of significance  

3.855 0.496 0.765 0.840 1.417 
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Plate 8. initiated shoot at 7 DAI on MS media supplemented with 1.5 mg/L 
NAA+1.5 mglL BAP in A. Granola, B. Diamant and C. Asterix 
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4.2.7. Number of shoots/plantlet 

The main effect of potato varieties exhibit significant variation in respect of number 

of shoots/plantlet at 7. 14, 21 and 28 DAI (Appendix VT). The variety Granola 

produced the highest number of shoots (0.84, 1.59. 2.13 and 3.00 shoots/plantlet at 7, 

14, 21 and 28 DAI .respectively) whereas the variety Asterix produced the lowest 

number of shoots (0.44. 0.91, 1.12 and 1.91 shoots/plantlet at 7, 14, 21 and 28 DAI, 

respectively) (Table 6). 

The main effect of different concentration of NAA and RAP gave the significant 

variation in respect to number of shoots/plantlet (Appendix VI, Table 7, Plate 9-12) at 

7. 14, 21 and 28 DAt. It was observed that at 7, 14, 21 and 28 days of culture, the 

maximum number of shoots(1.73, 3.00, 3.40 and 4.87 shoots/plantlet at 7. 14,21 and 

28 DAT. respectively) was produced by 1.5 mg/L NAA+1.5 mg/L BA!'. At 21 and 28 

days of culture, the minimum shoots/plantlet (0.40 and 0.87 shoots/plantlet, 

respectively) was observed in the treatment combination 1.5 mg/L NAA. 

Combined effect of varieties and different concentrations of hormones showed 

significant variation at different days on number of shoots/plantlet. The highest 

number of shoot /plantlet (3.20, 4.00, 4.80 and 7.00 shoots/plantlet at 7, 14, 21 and 28 

DAI, respectively) was recorded in variety Granola at 1.5 mg/L NAA+1.5 mgfL BAP 

and the lowest number of shoots/plantlet (1.0 shoots/plantlet at 28 DAI) was 

generated in variety Diamant in treatment combination 1.5 mg/L NAA and 1.5 mg/L 

NAA+2.0 mg/L RAP (Table 8). Similar result was also found in the variety Asterix 

with treatment combination 1.5 mg/L NAA. 1.0 mg/L NAA+0.5 mg/L RAP and 1.5 

mg/L NAA+2.0 rngfL BAP. 
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A 	B 	 C 

Plate 9. Maximum number of shoot initiated at 7 DAI on MS media 
supplemented with 1.5 mgfL NAA+ 1.5 mgIL BAP in A. Granola, B. 
Diamant and C. Asterix 

S 

- 
A 	 B 	 C 

Plate 10. Maximum number of shoot initiated at 14 DAI on MS media 
supplemented with 1.5 mg/L NAA+ 1.5 mg/L BAP in A. Granola, B. 
Diamant and C. Asterix 
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c 

Plate II. Maximum number of shoot initiated at 21 DAI on MS media 
supplemented with 1.5 mg/L NAA+ 1.5 mg/L RAP in A. Granola, 
B. Diamant and C. Asterix 

a S 

S  

• 
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Plate 12. Maximum Dumber of shoot initiated 28 DAt on MS media 
supplemented with 1.5 mgIL NAA+ 1$ mg/L RAP in A. Granola, 
B. Diamant and C. Asterix 
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4.2.8. Length of shoots/plantkt 

Length of shoots/plantlet was signilicantly influenced bN the three varieties of potato 

(Appendix Vii). Length of shoot of different varieties was significantly increased at 7. 

14. 21 and 28 DAI. At 7 days the highest length of shoot was found in the variety 

Asterix (1.03 cm) and the lowest length was thund in the variety Diamant (0.96 cm). 

At 14. 21 and 28 days the highest length of shoot (2.38. 3.88 and 6.76 cm at 14. 21 

and 28 days. respectively) was obtained from the variety Granola and the lowest 

length (1.76. 2.73 and 5.68 cm at 14, 21 and 28 days, respectively) was fhund from 

the variety Asterix (Table 9). 

The main effect of different concentration of hormones on length of shoots/plantlet 

has been presented in Table 10 and Plate 13-16. There was a significant variation 

among the treatments. Among the trealnients, it was observed that length of shoot 

increased gradually with the advancement of time. At 7. 14. 21 and 28 DAI, the 

longest shoot (2.88. 4.23. 5.83 and 10.13 cm at 7. 14, 21 and 28. respectively) was 

obtained from the treatment combination 1.5 mgIL NAA--1 .5 mg/I. I3AP. At 28 i)Al 

the shortest shoot (2.14 cm) was obtained from 1.0 mg/i. NAAI2.0 mg/I. I3AP. 

The combined effect of different varieties and diflCrcnt concentrations of NAA and 

flAP also showed significant differences (Appendix VII). At 7 DAt. the longest shoot 

(3.26cm) was produced by the treatment combination 1.0 rngJL RAP with variet 

Asterix and the shortest length (0.14 cm) from the treatment combination 1.0 mg/I. 

NAA±2.0 mg/L BAP with the variety Granola. At 28 DAI. the highest length (10.72 

cm) was obtained from the treatment 1.5 mg/L NAA- 1.5 mgi RAP with the variety 

Granola and the lowest length (1.80 cm) was obtained from 1.5 mg/I. NAA+0.5 mg/F. 

RAP with the same variety (Table I I). 	 - - 
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ves/plantkt 
21 28 

DAt AM 
3.0$ 8.32 
1.71 7.51 
1.64 1 	5.08 

0.189 0.344 
3.08 8.32 
1.64 5M8 

0.242 1 	0.431 

Table 9: Effect of different varieties on length of shoots/planilet and number of 
leaves/plantict at different days after inoculation 

	

Variety I Length of shoots/pla 	(ent) 
7 	14 	21 	28 

l)AI DAI DM AM 

	

Granola 	0.99 	2.38 	3.88 	6.76 

	

Diamani 	0.96 	1.80 	3.15 I 6.51 
Asterix 	1.03 	1.76 	2.73 	5.68 

	

SF± 	0.081 	0.124 	0.136 	0.202 

	

Max 	1.03 	2.38 	3.88 I 6.76 

	

Miii 	0.96 	1.76 	2.73 1 5.68 	0.00 

	

1.51) 	o.i to 	0.186 	0.267 
	

0.445 1 0.027 
Level of 

signhlicance 	NS 	 ** 

().0') 
0.00( 

Number of I 
7 	14 
Al DAt 
00 	0.77 
00 	0.00 
00 	0.47 
00 	0.09 
00 	0.77 

4* 	4* 	** 	** 	*4 

Table 10: Effect of different hormones on length of shoots/plantlet and number 
of leaves/plantlet at different days after inoculation 

hormone 	 Length ofshoots/nlantlet (cnfl 	Number of leavcs/nlantlet 
7 

DAt 
TINormal MS 	1.13 
T2=0S13AP 	 2.06 
l'3=1.013AP 	1 	2404.09 

2.59 
15-2.0BA1) 	 2.54 

14 
ThU 
3.38 
3.81 

3.90 
±1 LL±!LL 

1 	21 1 	287 
AM 	AM i AM 
5.31 	7.63 	0.00 
4.59 	I 	6.23 	0.00 
5.33J 	8.83 	0.00 

. 	0.O0 
4.72 	6.23 	0.00 

114721 
A flU 

1.47 
0.00 
5.33 
627 
3.67 

28 
l)At 

1 	591 
6.27 	+ 

1.87 
11.33 
6.00 

0.00 
0.00 
0.00 
L67 

1 	0.67 
i 16= ION \\ 0000177209 

1.87 
489 
5.47 

0.00 
0.00 0.53 1.27 

480 
5.80 T7-1.ONAM05BAP 

T8l.ONAA+1.OBAP 
0.31 
0.00 

0.68 
0.25 2.09 	1  3.65 0.00 0.00 0.00 2.93 

T9'-1.ONAA i 1.5F3AP 
T10=t.0NAA+2.0BAP I  

(LOU 
0.31 

0.15I1. 
0.66 

2.24 0.00 
0.00 

0.00 
0.0(} 

ftOO 
(LOU 

0.00 - 
0.00 1.26 	r 	2.14 J 

TI I -' I.5NAA 	- 

1'12=I.5NAA-'0.5I3AP 
0.00 
0.61 

1.02 3.79 8.33 0.00 0.00 1.80 8.17 
2.57 4.41 	1 	7.54 0.00 0.00 1.87 7.67 

JJ 3r 	5NAA i 1 .OI3A1) 
T14=l.5NAA+ I .SI3AP 
T15=1.5NAA+2.OBAP 

0.00 
2.88 
0.00 

0.40 1.57 7.08 0.00 0.001 
3.33 
0.00 
0.086 

0.53 
0.000 

** 

.60 
6.33 
1.80 

0.189 
63 
0.73 

_0.541j0.964 

I 

7.67 
I 3.27 
8.53 

0.344 
P27' 
2.93 

4.23 
0.28 

	

5.83 	i 	10.13 

	

2.75 	i 	8.71 
0.00 
9.00 
0.00 

10O_J3j 
0.081 0.124 0.136 I 	0.202 
288 

0.31 
1.51) 	0.245 

423 583 	1013 
Miii 0.15 	I 	1.15 	2.14 

	

-0.415-1  0.598 	0.994 
4* 	4* 	** 

0.00 
0.060 

*4 Lcvel of significance 	4* 



DAI 

7 

2101 158 5.20 
2.72 5.10 

4.20 
6.14 
1.78 2.68 

0.34 	2.02 4.52 
0.66 	1.40 2.66 

1 I "Normal MS 

T2-'O.513AP 
T3'l.013AP 

16= l.ONAA 

T9=I.0NAA+1.5RAP 
'rIO 	I.0NAA2.0l3.kP 
Ti-1- l.5NAA 

	

0.00 	j()A6 

	

0.14 	0.78 
_L 

1.74 
0.00 	1.16 2.82 

Tl2-I.5NAA0.5I3AP 

'F131 .5NAA i I .OI3AP 
0.00 	0.00 0.88 
0.00 	1.20 1.76 

Tl4I.5NAA ' I.SBAP 
15 	1.51NAA2.0I3AP 

2.08 	4.12 

o:oo 	0.84 

7.60 

3.12 
Diamant 	F TI=Normal MS 

	

2.80 	3.26 

	

1.88 	3.42 
4.64 
4.18 

T3=I.Of3AP 2.10 	4.10 .±22 
('4 	l.SRAP 2.88 	3.68 4.26 

IQ 	Iflfl 1 	Cflfl 

10 	I.tJNAI\ 

FT7=I.ONAA'0.513AP 
0.00 

0.26 
T8 	I .0NAA' I .0BAP 
'19 	1.ONAA 	1.58AP 

0.00 
1.30 

TIO=I.0NAA2.0BAPJ 0.00 
0.00 

112=l.5NAA0.5UAP 1 	0.00 
TI3= I .5NAA- I .OBAP 	0.00 
T14't5NAA-I.5IJAP0.00 
115l.5NAA-2.OBAP0.00 

Asterix TI =NonnalMS 	 2.60 
T2=0.513AI' 2.38 
13I.OI3AP 3.26 
1'4-I.58AP 	 2.18 
T5=2.0HAP - 	 2.78 

r7=I.0NAAo.5E3Ap 	0.00 
18-I .0NAA-1 .ORAP 	0.00 
'191.0NAA-I .5RA P 	0.00 
Tl0=l.ONAA2.ORAI'0.80 
TI I 	I.SNAA 
TI2I.5NAA _0.5IJAP 

0.00 
- 0.00 

TI3=1.5NAA 	I.ORAP 
'114r1.5NAA+1.513AP 

_ 
_0.00 

0.00 
Tl5=I.5NAA _2.OBAI' 0.00 

SEr 0.081 

Max 3.26 

I.SD 	- 	0.425 
rif'c ,,ii'tirnnr. 	OW 

8.38 
1.80 

0.00 
j0.00 

0.00 
0.00 

2.40 
I.80 

8.89J 
7.60 

7.50 
10.72 
7.401 

1 	0.00 
0.00 

OMO 

0.00 
7.00 
aoo 

2.00 
8.20 
2.00 

8.00 

20.00 
7.20 

15.10 6.80 L0.00 	0.00 	2.60 

5.00 J 	0.0(1 
0.00 
0.00 

0.011 
0.00 
0(10 

0(R) 
5.00 

3.00 

8.811 
11 .60 

J 	7.00 
10.00 
7:32 
6.28 0,00 

0.0) 
0.00 

0.00 
0.00 

f 	_0.00 

().00 
1.00 
1.00 

5.0(1 

_8.20 8.60 
9.14 
3.62 
QUO 

0.00 
0.00 

0.00 

0.00 
0.00 
0.00 

- 3.00 
0.00 

0.00 0.00 
0.00 

0.00 

OMO 
0.00 
2.00 

1 	0.00 
9.80 4.02 

5.36 0.00 
0.00 

0.00 
0,00 

1.80 
IOU 

7.20 
7.80 6.70 

0.00 1 1.62 

1.466.86 9.80 0.00 LOt) 

0 01)1 

5.60 	13.00 
2 00 	1000 000 	4 970 000 

	

3.34 	I 	4.08 

	

3.62 	4.30 
6.80 
5.38 

0.00 
000 

liMO 
11.00 

	

0.00 	3.80 

	

0.00 	1.00 
4.58 	t 	5.20 6.70 0.00 

0.00 
0.00 

0,00 
.1.00 
000 

	

3.00 	3.00 

	

10.00 	16.011 

	

0.00 	(1(10 
4.08 

3.28 	4.16 
5.68 
5.68 

2.82 	3.08 

o.00: 	oAi 
3.82 
3.12 

0.00 
UMO 

0.00 
0.00 

0.00 
1.0 

(1.00 
5.00 

0.00 	I 	1.28 2.96 0.00 11.00 aoo 2.40 

	

0.00 	0.00 

	

1.20 	. 	2.04 
0.00 
4.04 

0.00 
0.00 

0.00 

üo 
0.00 
0.00 

0.00 1Th'i - 7.01 0.00 0.00 I .20 720 

3 .02 1 
0.00 

438 
1 	1.80 

19:68 - 
9.02 

..PJ!9. 
0MG - 

3.00 5.00 14.10 -T.4-57.  

0.311 

	

0.00 	1.40 

	

0.086 	1 	0.189 

	

7.00 	1.00 

	

1.00 	LOU 

0.000 

0.124 0.136 

7.60 

1 	0.202 	0.000 

10.72 	0.00 6.10 20.00 

3.00 0.34 0.88 

1.036 

1.80 

1.722 

0.00 

0.101 0.719 1.67(1 

Variety 

Granola 

Table 11: Combined effect of different varieties and different honnones on 

length of shools/plantlet and number of leaves/plantlet at different 

days after inoculation 

Hormone 	 Lengi Ii of slIoo(s/l)IaIIt let (ciii) 	N ii in her of Iev yes/pm ni let 

It I 14 I 21 1  28 	1 	14 	21 	28 
DAI DAI i DAI DAI F 	DAI 

9.30 
8.30 

0.00 
0.00 

0.00 
0.00 

1.80 
0.00 

7.60 
9.00 

0.80 
7.34 
6.74 

0.00 
0.00 
0.00 

0.08 
1.00 
2.00 

6.00 
11.00 

15.40 

11.00 
13.00 

10.20 
4.16 

0.00 
0.00 

0.00 
1.60 

1.20 
1.80 

6.20 

6. 60 
436 . 	000 0.00 0.00 3.40 
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Plate 13. Maximum length of shoot at 7 DAI on MS media supplemented 
with 1.5 mgIL NAA+ 15 mg/L RAP in A. Granola, B. Diamant 
and C. Asterix 
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Plate 14. Maximum length of shoot at 14 DAI on MS media supplemented with 
1.5 mgfL NAA+ 1.5 mgfL BAP in A. Granola, B. Diamant and C. 
Asterix 
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Plate IS. Maximum lengtb of shoot at 21 DAI on MS media supplemented with 

1.5 mgfL NALA+ 13 mgL BAY in A. Granola, B. Dianiant and C. 
Asterix 
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Plate 16. Maximum length of shoot at 28 DAt on MS media supplemented with 
1.5 mgIL NAA-e- 1.5 mg/L BAP in A. Granola, B. Diamant and C. 
Asterix 
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4.2.9. Number of leaves/plantlet 

The number of leaves/plantlet was recorded after 7, 14, 21 and 28 days of cultured on 

MS media containing different concentrations of NAA and BAP. The results have 

been presented in Table 9-11 and Plate 17-20. 

The significant effect of three potato varieties was found in respect of number 

leaves/plantlets. At 7 DAI no leaf was formed in any variety. At 14. 21 and 28 DAI 

the maximum number of leaves/plantlet was showcd in variety Granola (0.77, 3.08 

and 8.25 leaves/plantlet, respectively) and the minimum number of leaves/plantlet 

was found in variety Asterix (0.47, 1.64 and 5.08 leaves/plantlet at 14, 21 and 28. 

DAL respectively) (Table 9). 

Diffcrent concentrations of NAA and BAP on number of leave also statistically 

different days. The highest number of leaves/plantlet at 14, 21 and 28 days (3.33, 6.33 

and 13.27 leaves/plantlet, respectively) was produced with the concentration of 1.5 

mg/L NAA+1.5 mg/L BAP. MS  media combined with 1.0 mg/L NAA+1.0 mg/L 

BAP produced the lowest number of leaves/plantlet (2.93 leaves/plantlet 28 DAI) 

(Table 10). 

The combined effect of varieties and different concentrations of NAA and BAP on 

number of leaves/plantlet was statistically significant at 14. 21 and 28 days. At 7 DAI 

no leaf is formed in any variety. At 28 DAI the highest number of leaves/plantlet were 

recorded in variety Granola (20.00 leaves/plantlet) at the concentration of 1.5 NAA 

mg/t+1 .5 mg/L BAP. The lowest number of leaves/plantlet was showed in variety 

Asterix (1.00 leaves/plantletlet) with ms media combined with 0.5 mg/L BAP (Table 

II). 
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Plate 17. No leaf initiated at 7 DAI on MS media supplemented with 1.5 mgIL 
NAA+1.5 mg/L BAP in A. Granola, B. Diamant and C. Asterix 

Plate 18. Maximum number of leaf initiated at 14DM on MS media 
supplemented with 1.5 mgIL NAA+1.5 mgIL SAP in A. Granola, B. 
Diamant and C. Asterix 

U 
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Plate 19. Maximum number of leaf initiated at 21 DAI on MS media 
supplemented with 1.5 mg/L NAA+1.5 mgfL BAP in A. Granola, B. 
Diamant and C. Asterix 
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Nate 20. Maximum number of leaf initiated at 28 DAt on MS media 
supplemented with 1.5 mgIL NAA+1.5 mgIL BAP in A. Granola, B. 
Diamant and C. Asterix 

Of 



Variety 
	

Days to 
root 
initiation 

Granola 
	

15.01 
15.48 

Asterix 12.73 

Sli± - 	0.828 

Max -- 	15.48 
Nun 1.73 

LSD - 0.407 
I .evel of  

signiticance 

Number of 

7 ThU 

0.92 

14 1141 

1.31 
1.37 - 	1.61 

0.49 0.43 
0.107 0.132 
1.37 1.61 

	

0.43 	0.49 

	

0.120 	0.157 

** 	 ** 

s/plant let 
21 E)Al 

2.41 
3.19 

1.41 
0.240 
3.19 
1.41 

** 

28 DAt 

6.43 
6.97 

8 

6.97 
5.68 

0.438 

** 

4.2.10. Days to root initiation 

Days to root initiation was recorded after 7. 14. 21 and 28 days of cultured on MS 

media containing different concentrations of NA\ and IMP. The results have bccn 

presented in Table 12-14 and Appendix LX. 

The results of major eilèct of varieties on days to root initiation have been presented 

in Table 12. The days to root initiaiton varied significantly among the three varieties. 

The maximum days was recorded in variety Diamant (15.48 days) whereas the 

minimum days was noticed in variety Asterix (12.73 days). 

Table 12: Effect of different varieties on days to root initiation and number of 

roots/plantlet at different days after inoculation 

t 

ml 



0.00 
0.00 
0.00 
0.00 
0.00 
1.00 

0.53 
3.13 
3.13 
3.47 

1 3.62 
5.13 

0.00 
0.132 
5.13 
0.53 

0.3 52 
$4. 

4.20 
0.00 
1.87 
5.00 
1.40 
7.40 
7.40 
7.00 
5.27 
4.93 
10.40 
'4.53 
7.80 
9.40' 
6.80 
0.350 
'4.33 
1.40 

- 0.980 
** 

0.00 
0.00 
0.00 
1.53 
1.13 
3.53 
2.73 
-, nfl , •' 
4.20 
3.73 
5.60 
7.53 
0.00 
1.07 
0.07 

().240 
7.53 
[07 

0.691 

There was significant influence of different hormone combination and concentrations 

of NA\ and BAP on the days to root initiation (Table 13 and Plate 21). The mniimim 

days (0.93 days) was observed on MS media with 1.5 mgIL NAA1-0 .5 mg!L RAP. 

The maximum days (29.27 days) was observed for root initiation on MS media 

without hormone. 

Table 13: Effect of different hormones on days to root initiation and number of 

roots/plantkt at different days after inoculation 

Hormone 

IlNormal MS 
F2=0.513AP  

13=1 .OBAP 
14=1 .5RAP  
T5=2.ORAP  
T&-  1.ONAA 
T7= I .\A-O.5h3AP 
T8= I .0NAA- I .OIJAP 
191.0NI\A-I.D13A1' 

110'-'I.4AAi 2.QI3AP 
fll1.5NAA 
T12=1 .SNAA+0.5BAP 
T131.5NAA i.ORAP 
1'14=1.5NAA! 1.5I3AP 
TI 5-I .5NAA-F2.OBAP 

Sli-  
Max 

LSD 

Days to 
root 
initiation 

29.27 

1.80 
2.73 
3.47 

25.33 
25.80 
27.93 

29.27 
0.93 

0.911 
** 

- 	Number of Ii! 
71)1 	14flA1 F 

)IJ!IanhILt 
211)A1 	28L)AJ 

2.80 
2.67 
3.13 
0.67 
3.20 
0.00 
0.00 
0.00 

6.107 
3.20 
0.47 

0.268 

24.67 
23.00 9 99 
19.07 

_ 
000 

9.33 0.67 
19.40 I 0.47 

The potato varieties and different levels of hormones showed significant interaction in 

relation to the days to root initiation. The maximum days (30.40 (lays) to root 

initiation on MS media containing no hormone in cv. Diamant. The minimum days 

was observed in the variety Aslerix (1.20 days) on MS media containing 1.5 mg/L 

NAA+0.5 mg/L 13i\P (Table 14). 
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fable 14: Combined effect of different varieties and different hormones OH (lays 
to root initlaiton and number of roots/plantlet at different days after 
inoculation 

Variety 	Hormone 	- Days to L.....
~uniher of root 	et 

I root 7 DAt 	14 0.41 21 1)41 	28 DAI 
initlaiton _ ______________  

Granola 	FlNormaIMS 28.60 - 0.00 	0.00 0.011 2.00 

T2=0.5BAP - - 	 - 0.00 	I 	0.00 0.00 DIR) 

29.80 0.00 	0.00 0.00 4.60 

T4=I.513AP 280I0T 	0.00 0.0(1 5.60 

T5=2.OBAP 28.80 0.00 0.00 3.10 4.20 

T6r LocAA 	 120 	1.40 1 	1.60 	4.00 	14.20 

T7=1.ONAAI0.513AP 	27.20 	0.00 	0.00 	1.80 	7.00 

T8=I.ONAA+I.OI3AP 	- 21.00 	0.00 	0.00 I 2.20 	8.60 

19=I.ONAA-I I.SBAP 	2.20 	1 2.80 	4.20 I 6,20 	8.60 

JQ; IONAA-ORAP [ 	220 

 

	

1.20 - 200 	200 	260 - 

TI I= I .SNAA 	 2.00 	1 	4.00 	1.40 	5.00 	6(R) 

I'l2-l.5NA, 0.SflAP - 	 6.60 	2.00 	2.00 	6.4010.60 

T13I.5NAA-I.0RP 	22.80 	0.00 	- (1.0 	0 

	

0 	.00 
- 	

2.20 

	

r14=I3NAA- I.5I3AP - - 27.80 	0.00 	0.00 	0.00 	3.40 

7Ti51 .5NAA2.OAP 	28.60 	0.00 	000 	0.00 	3.00 

Diarnant 	TI =NormalMS 	 30.40 	0.00 	(1,110 	0,00 	Sit 

T2=0.5RAI' 	 - 	 0.00 	ii.00 	0.6C! 	2LJ 
T3=I.013AP 	 1 28.40 0.00 0.00 0.00 1.00 

T4-I.SBAI' 	- 	 28.20 	0.00 	0.00 	0,00 	5.00 

T5-2.OBAP 	 . 	 0.00 	0.00 	0.00 	0.00 

16- I .ONAA 	 6.40 	2.00 	3.00 	6.60 	8.00 

T7= I .0NAA.10,5I3AP 	25.40 	0.00 	0.00 	(1St) 	.4.00 
T$=l.0NAArI.0BAP 	26.60 0.00 0.00 - (140 8.60 

T9-l.ONAA4-I.5BAP 	1.60 	6.20 	6.40 	7.20 1 9.20 

I TI0IMNAA+2.0BAP 	1.60 -. 	 4.20 	4.20 	4.60 	5.20 

Ti!= I.SNAA 	 7.60 	5.80 	7.60 	12.60 	15.60 

	

FI2I.5NAA+0.5BAP 1 2.80 	2.40 	5.40 	16,50 	19.40 

TI3I.5NAA+I.0BAP i 	26.80 	0.00 	0.00 	0.00 - 	9.80 
'114-l.5NAA'-1.513AP 	.1.40 	2.40 	3.00 	3.50 	8,40 

.5NAA 2.013AP 	25.20 	0.00 	0.00 	0.20 	3.80 

Aslerix 	TINor;na I MS 	 0.00 	0.00 	0.00 	(EDO 	0.00 

58AP 	 0.00 0.00 0.000.00 o.00 
iT3-I.08AP 	 - 	 0.00 	0,00 	0.00 	0.00 

TI-I.SI3AP 	 21.40 	0.011 	0.0(1 	 ID 	.1.00 
T5-2 013\ P 	 . 	 0.00 	0.00 	0.00 	(1.01) 

U,_I.ONAA 	 1.60 	1.06' i.otj iso ' 2.00 
i'7=I.ONAA#0.513AP 	21.40 	0.00 	0.00 L 5.60 	II 

.
20 

FT8O&AIOBAP 	2140 	000 	000 	200 - _180 
'l9-1.oNAAI.5BA11 	2.60 	1.40 	2.40 	3.60 	40 
T10- 1.ONAA+2.OBAP 	4.40 	2.00 	2.00 	2.00 	3.00 

	

FlI-1.5NAi I 1.60 	1.40 	2.40 	3.60 	11.60 

	

T12-I.5NAA-f0.5BAP1.20 	5.80 	7.60 	12.6016.40 
fli'13-I .5\AA4l .0F3A1) 	26.40 	- 0.00 	.00 	0.00 	I 	9.0 - 

1'14-13NAAH.513AI' 	3.80 	2.00 	2.00 	3.20 	12.40 

T15-I.5NAA 2.OBAP 	30.00 	0.00 	0.00 	0.00 	7.60 

	

SL± 	 0.828 	0.107 	0.132 	0.2411 	11 .3 50 

	

Max 	 30.40 	6.207.61) r 16.8019A0 

	

Mill 	 1.20 	1.00 	LOU 	0.20 	1.00 

	

- !-P 	1.578 - 	0.464 	0.609 	I .197 I 	1.198 
___________ 

I 	Level of signilkance  
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4 
Plate 21. Initiated root at 7 DAt on MS media supplement with 1.5 mgL 

NAA+0.5 mgfL RAP In A. Granola, B. Diamant and C. Asterli 



4.2.11. Number of roots/plantlet 

The number of roots/plantlet was recorded after 7, 14, 21 and 28 days of culture. A 

significant variation was found on number of roots due to different potato varieties 

(Appendix IX). At 7, 14, 21 and 28 days of culture, the variety Diamant produced 

maximum number of roots/plantlet (1.37, 1.61, 3.19 and 6.97 roots/plantlet) and 

variety Asterix produced minimum number of roots (0.43, 0.49. 1.41 and 5.68 

roots/plantlet at 7. 14, 21 and 28 days, respectively) (Table 12).With the progress of 

time, the number of roots/plantlet increased gradually in all varieties. 

The main effect of different concentrations of NAA and BAP on number of 

roots/plantlet was statistically significant. The highest number of root (3.20, 5.13, 

7.53 and 14.53 roots/plantlet at 7, 14, 21 and 28 days, respectively) was observed in 

treatment 1.5 mg/L NAA+0.5 mg/L BAP. Whereas the minimum number of root 

(0.47 and 0.53 roots/ plantlet at 7 and 14 days, respectively) was observed in 

treatment 1.0 mg/L NAA+0.5 mg/L BAP. And in 28 days minimum (1.40 

roots/plantlet) was observed in the treatment 2.0 mg/L BAP (Table 13 and Plate 22-

24). 

The combined effect of variety and different concentrations of NAA and BAP on 

number of roots/plantlet showed statistically significant result at 7, 14, 21 and 28 DM 

(Table 14). At 21 and 28 days of culture, the highest number of roots/plantlet was 

noted in the variety Diamant (16.80 and 19.40 roots/plantlet, respectively) at the 

concentration of 1.5 mg/L NAA+0.5 mgfL BAP and at 28 DAI the lowest number of 

roots/plantlet (1 rootlplantlet) was also recorded in the variety Diamant on 1.0 mg/L 

RAP. Auxin is essential for root initiation in culture. 



IF 

A 	B 	 C 

Plate 22. Maximum number of root with longest root initiated at 14 DAI on MS 
media supplemented with 1.5 mg/L NAA+OSS mgIL BAP in A. Granola, 
B. Diamant and C. Asterix 

 

N 

C 

Plate 23. Maximum number of root with longest root initiated at 21 DAI on MS 
media supplemented with 1.5 mgtL NAA+O.S mg/L SAP in A. Granola, 
B. Diamant and C. Asterix 
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tik 
B 	C 

Plate 24. Maximum number of root with longest root initiated at 28 DAI on MS 
media supplemented with 1.5 mg/L NAA+0.5 zngfL BAP in A. Granola, 
B. Diamant and C. Asterix 
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4.2.12. Length of roots/plantkt 

The length of roots per plantlel was recorded after 7. 14. 21 and 28 days of cultured 

on MS media containing different concentrations of NAA and flAP. The results have 

been presented in Appendix X. Fable 15-17 and Plate 22-24. 

ilie influence of these potato varieties was significance in respect of length of root at 

7, 14.21 and 28 days of culture. The maximum length ol root at 7. 14.21 and 28 days 

of culture was recorder in variety ('ranola (0.78. 1.01, 1.59 and 4.60 cm. respectively) 

and the minimum length of root was found in the variety Asterix (0.57. 0.70, 1.16 and 

2.34cm at 7. 14.21 and 28 DAI. respectively) (Fable 15). 

Length of root was recorded at 7. 14. 21 and 28 days of' culture, also differed 

significantly due to the main effect of different concentrations of NAA and RAP. The 

maximum length of roots (3.41. 4.73, 5.18 and 7.45 cm at 7. 14, 21 and 2$ IDA! 

respectively) was recorded at the concentration of 1.5 nigL NAAI0.5 mg/I. RAP at 

28 days of culture whereas the minimum length of root (0.67 cm) was produced on 

MS media containing 1.0 mgiL BAP (laNe 16). Sanavy ci oL (2003) reported that 

low concentrations ofauxin positively influenced root length. 

The results of the present experiment showed that there was significant effect on root 

length due to the combined effect of varieties and different concentrations of NAA 

and RAP at 7. 14. 21. and 28 days of culture (Table 17). The maximum length of root 

(5.04. 5.40 and 14.42 cm at 14. 21. and 28 DAT) was recorded in the variety Granola 

at the concentration of 1.5 mg/I. NA\ '0.5 mg/i.. RAP. The minimum length ol root 

(1.36 em at 28 days of culture) was found in the same variety on MS media 

containing 1.0 mg/I. RAP. 
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'Fable 15: Effect of different varieties on length of roots/plantlet at different days 

after inoculation 

Varicts 
71)A1 

Granola 0.78 
Diatnant 0.70 
Asterix 0.57 

0.071 
0.7$ 
0.57 

SL= 
Max 
Mill _____ 

ish 0.020 
Level of 

** 

Length of 
14 DAI 

LU 
0.94 
0.70 
0.095 
1.01 
0.70 
0.014 

** 

21 DAI 
	

28DA1 

	

1.59 
	

4.60 

	

1.26 
	

2.99 

	

- 1.16 
	

2.34 
0. I 09 
	

0.198 

	

1.59 
	

4.60 

	

1.16 
	

2.34 

	

0.162 
	o.:so 

4* 

Table 16: Effect of different hormones on length of roots/plantlet at different 
days after inoculation 

Hormone - 	I 
I 7 DAI 

Length of roots/plantlet 
149,U 	_ 
000 
0.00 - 	0.00 
0.00 
0.00 

(em) 
21DAI 

000 
0.00 
0.00 
0.96 
0.67 

28 DAI 
2.14 
0.00 
0.95 
223 
0.67 

TI-Normal \1S 	 000 
T2=0.513AP 	 0.00 
T3'1.OBAP 	 0.00 
T4-1.511AP 	 0.00 
15=2.OI3AP 0.00 
'[6= 1.ONAA 	- 
T7=1.0NAA-r0.513AP 

iiT.hNAA-t.oI3A 

0.67 0.67 
0.52 
0.67 
2.57 
2.56 	1 
1.5$ 

	

1.76 	5.06 

	

1.25 	3.59 	- 

	

1.77 	4.14 

	

3.0$ 	7.03 

	

2.79 	-. 	3.43 

	

1.77 	3.75 

0.40 
0.56 

1'9=1.ONAAi1.5BAP 
Tl0-1.ONAA+2.OBAP 

1.97 
1.77 

L. i 1 	I .5NAA 
T12-1.SNAA+0.5BAP 

1.49 
3.41-1 4.73 

000 I 
5.18 
0(11) 

_ 
7.45 
3_67 Il'ci __SNAA 	1 OBt\P 000 

T14-1.5NAAi-i.5[3AP 
T15=1.5NAA±2.OI3AP 

0.00 0.00 	_ 113 2.43 
0.00 0.00 0.21 2.97 

SE= 0.071 0.095 _0199 0.198 
Max 3.41 4.73 5.18 7.45 
Miii 
I.SD - 0.40 

0.046 
0.52. 
0.032j 

Levelolsignilicance.  

0.21 
0.362 

0.67 
0.178 
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Table 17: Combined effect of different varieties and different hormones on length 
of roots/plantlel at different days after inoculation 

Length of rpots/pI1YjF1scn) - 	- Variety 	Hormone 	 - 
7DM 14DM 21DM 28DM _______  

Granola 	ii 	orsoal MS 0.00 0.00 0.00 	- 2.06 
T2=0.SBAP _______ 0.00 0.00 0.00 

I 	13 	l.Oi3AP 0.00 0.00 0.00 ISo 
Id 	I SnAP T 	000 0.00 0.00 3.00 
T5'2.0BAP 
16 TONAl 
	

1.62 	I 	I 
I 17=l.ONAA 

T8I.0NAA+1.013AP 	I 	C 
T9-l.ONAA+I.513AI' 	p 

- 
 

116 I .0NAA i 2.08AP 
111= I.SNA.\ 	- 	I 
112 1.5NAMO.5UAP - 312 5)4 
i:irIsN\\ I  1.08AP (IOU 0.00 
TI4I.5NAA+1.5I3AP 0.00 0.00 

45NAAI2.ORAP 0.00 0.00 
IINonnal MS  0.00 1 	0.00 
12- 0.513AP 0.00 0.00 
T3=I.OBAP 0.00 0.00 
T4=1.58AP  0.00 ppq 

0.00 TibiiAi' 0.00 
16 	I.ONAA 2.00 2.00 
T7=I.ONAA-0.5BAP 0.00 0.00 

0.00 0.00 T8- l.ONAA- I.0I3AP 

,JQ 2.88 '19 	l.ONAA 	1.513AP 
TI{'v= IMNAA-2.013AP 1.60 3.02 
III 	I.5NAA 1.37 1.47 
112=1 .SNAArO.SBAP 1.68 2.00 
113 	I .SNAA1I.OI3AP 0.00 0.00 
114=1 .SNAA i-I .SBAP - 1.52 1.64 
'115 	I.5NAA 	2.0DM' 0.00 0.0 
1I=-\nnnalMs - 0.00 1 	0.00 
JThuAP 0.00 0.90 
13- l.ORAP - 0.00 0.00 
i'4=I.513AJ' 0.00 0.00 
15 2.013A1' 0.00 0.00 
16= I.ONAA 1.52 1.70 

2.00 2.00 
2.12 
3.16 

1.92 
0.30 

1.30 
3A8 

2.16 
10.00 

2.34 lOU 
2.0.1 4.32 
5.40 14.4: 
0.01) 3.86 

000 i 	3.02 

0.00 2.28 
0.00 0.00 
0 .00 1.50 
0.00 1 	2.08 

1.74 5.12 
0.46 2.50 
3.86 4.34 

3,16 -- 
3.65 7.36 
2.00 2.40 
liMO 3.4•I 
1.96 	- 3.80 

0.64 -, 3.86 
iOU 0.00 

0.UU 
11.0() 0.00 

2.18 8 
0.00 0.00 -  
1.70 2.34 

0.00 
3.12 

17=1 .Ot\AA 10.513AP j 	0.00 	 0.00 	 1.10 	 lAS 

i 	0.00 	0.00 	1.02 	2.64 18- I .ONAA'i- I ORAl' 
T9=l.ONAA 1 I.SBAP 

	

3.52 	4.54 

	

2.20 	i 	2.921 

	

5.00 	5.00 

	

3.00 	3.12 TI0 	l.ONAA+2.0I3Al' 
Ill - 	I.SNAA I 	1./3 1 	/79 	1 	2.67 3.94 

112=I,SNAAIO.SRAP 338 i 	4.50 5.14 
0.00 
2.88 

12.72 
2.70 T13 	I .SNAM I .OI3AP 

TI4=I.5NAA _I.5L3AP 
0.00 - 0.00 

1.38 1.32 
- 

6.08 
TI4I.5NAA-2.014AP 0.00 0.00 0.00 

0.109 
2.30 

0.198 SL= 0.071 0.095 
Max  3.58 5.04 5.40 

o '.-) o 
0.628 

14,42 
6 

0.308 
Miii 1.20 

0.079 
1.38 

0.056 l.Sr) 
Level ofsigjicancc - ** St 
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4.3. Experiment 3: Acclimatization and establishment of plantlets 

in soil 

4.3.1. Multiplication of plantlet for acclimatization 

From the overall experiment, it was revealed that three treatments were best in respect 

with rapid callus induction (1.0 mg/I. NAA +1.5 mg./L BA!'). maximum shoot/plantlet 

(1.5 mg/I NAA 1.5 mg/T. RAP) and rapid root (1.5 mgI!. NAA-O.5 mg/U initiation. 

Plants from these treatments were subcultured on nonuoal MS media for further 

multiplication (Fable 18 and Plate 25-26). 

Table 18: Subeultured plant for multiplication on normal MS media 

Variety 	Source 	No. of 	Length of No. of 	i No. of 	Length 
treatment 	shoots/ 	shoots/ 	leavesl 	roots/ 	of roots/ 

plantlet plantlet plantlet plantlet plantlet 

Granola l.ONAA+1.5RAP 3.8 8.2 	9.2 ____6.6 
1.5NAA+1.513AP 1.6 

	

7.8 	9.4 

	

7.8 	8.8 
7.2 

1.5NAA+0.5I3AP 3.4 6.8 

Daimant 

AsLerix 

l.ONAA+1.5J3AP 
I.5NAA11.5RAP 

I 
I 

8.46 	7.8 7.4 
7.6 
7.2 

1 	3.8 

	

8.6 	i 	9.8 
8 	1 	9 

	

7.5 	7 

1 	7 	7 

l.SNAA±0.513AP 
l.ONAA±1.513AP 

1 
1.4 

1.5NAA+1.513AP 
l.5NAA16.5RAP 

1.4 
1.2 

4.4 
1 	8.28 	6.8 4 

9.76 
6 

8.86 
6.96 
4.06 

6 
3.66 

3.76 
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Plate 25. Regenerated subcultured plantlets of A. Granola, B. Diamant and C. 
Asterix 
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Plate 26. Multiplication of the variety Granola 

76 



43.2. Preparation of pot and transplantation 

Potting mixture containing garden soil, sand and cowdung in the ratio 1:2:1 was 

mixed properly and autoclaved one hour in 121°C for 20 minutes at 1.16 kg/cm2. 

After cooling, the soil mixture was taken into 10 cm pots for growing the pots in viva 

condition. When the plantlets beeame5-8 cm in height with sufficient shoot and root 

system, they were taken out from the vials without damaging any roots. Medium 

attached to the roots was gently washed out running tap water to prevent further 

micorbial infection. The plantlets were then transplanted to pot containing potting 

mixture mention above. Immediately after transplantation the plants along with the 

pots were covered with moist polythene bag to prevent desiccation. To reduce sudden 

shock the pots were kept in a growth room for 7-I 5 days under controlled 

environments (Plate 27). The interior of the polythene bags was sprayed with distilled 

water at evcry 24 hours to maintain high humidity around the plantlets. After 2-3 

days, the polythene bags were gradually perforated to expose the plants to natural 

environment. The polythene bags were completely removed after 10-I5 days when 

the plantlets, appeared to be self- sustainable. At this stage, the plantlets were placed 

in natural environment for 3-10 hours daily (Plate 28-29). The highest survival rate 

82.22% found in cv. Granola (Plate 30) and the lowest survival rate. 66.67% % found 

in cv. Asterix (Table 19). 

Table 19: Survival rate of in vitro regenerated plantlets of three potato varieties 

Acclimatization Variety No. of 
transplanted 

plants  

No. of plants 
survives 

Survival rate 
(%) 

Initially small 
hole of plastic 
tray at growth 

Granola 45 37 82.22% 
Daimant 45 33 73.33% 

Asterix 
chamber  

45 30 66.67% 

Subsequently 
when moved to 
soil in open 
atmosphere 

Granola 37 35 94.60% 
Daimant 33 31 93.94% 
Asterix 30 27 90.00% 

Finally, after 15-20 days, they were transferred to the net house for hardening and 

after proper hardening the plantlets were transplanted to the soil ( Plate 3 I). As soon 

as new leaves started to initiate, plants were watered with ordinary tap water. 

Gradually the plantlets were adapted to the soil. In the open atmosphere plantlets of 

cv. Granola gave the highest survival rate 94.60% and the lowest was 90.00% in cv. 

Asterix (Table 18). 
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Plate 27 In vivo acclimatization of regenerated plantlets in growth chamber 

Plate 28. Plantlets were placed in natural environment for hardening 
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Plate 31. A. Hardening of plantlets in net house; B. Transplantation of healthy 
plantlets to the soil 
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Plate 31. A. Hardening of plantlets in net house; B. Transplantation of healthy 
plantlets to the soil 
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CHAPTER 5 

SUMMARY AND CONCLUSION 

The present experiment was conducted in the Genetics and Plant Breeding Laboratory 

and the Tissue culture laboratory of the Department of Biotechnology. Shcr-e-Bangla 

Agricultural University (S.A1J). Dhaka, during the period of January 2011 to 

December 2011 from sprout of three potato varieties namely Granola. Dianiant. 

Asterix to establish in vitro callus induction and plant regeneration using difkrent 

concentration and combination of NAA and BAP. The experiment as conducted at 

Completely Randomized Design (CR!.)) with 5 replications. The concentrations of 

NA.A were 1.0 and 1,5 mg/I.. and for BAP were 0.5. 1.0. 1.5 and 2.0 rng!L. the 

combine effect of both the hormones were also studied. To investigate the effect of 

different treatments of this experiment, the parameters were recorded on. callus color 

and texture. days to callus induction, percentage of callus induction. size of callus. 

fresh weight of callus. days to shoot initiation, number of shoots/plantlet. number of 

leaves/plantlet, length of shoots/plantlet. days to root initiation, number of 

roots/plantlet and length of roots/plantlet. 

It revealed that days to callus induction, size and weight of callus were significantly 

influenced by dilThrent varieties and different concentrations ol' NAI\ and BAP. l'he 

maximum (5.94 days) and minimum (4.46 days) days to callus induction were 

observed in the varieties Asterix and Diamant. respectively. I'rcatinent 1.0 ntgL NAA 

showed the maximum (7.93 days) days to callus induction while it was the nunimuni 

(3.53 days) in 1.0 mg.'L NAA+1 .5 mgJL BAP. In the interaction eliect of varieties and 

hormones, variety Asterix with 1.5 mg/I. NAA took the maximum (14.00 days) days 

to callus induction whereas it was the niininiuni (3.00 days) in variety Granola with 

1.0 mg/L NAA+1.5 mgi BAP. 

The highest size (1.61 cm) having maximum weight (1.91 gm) of callus and the 

lowest size (1.42 cm) having minimum weight (1.30 gm ) of callus ere lound in the 

variety Granola and Asterix. respectively. 'I'reatment 1.5 mgJL NtA showed the 

largest callus size (1.94 em) with maximum weight (2.08 gin). The smallest (1.14 cm) 
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and the minimum weight (1.15 gin) of callus was observed in 1.0 mg/I. NAAl . 

mg/I . RAP. At 28 DAI. variety Dianiant shov.ed the largest callus size (2.10 ecu) ith 

the maximum weight (2.54 gin) in 1.5 mg/I. NAA and in 1.0 mg/L NAA '0.5 mg/I. 

BA!' in variety Granola found the smallest callus size (0.95 cm) with the nuniniurn 

weight (0.64 gm) of callus. 

The different concentrations of hormone significantly influenced the days to shoot 

initiation and days to root initiation with number of shoot and roots/plantlet. 'lhe 

treatment combination 1.5 mg/I. NAA-1.5 mg/L I3AP required minimum days (6.87 

days) to shoot initiation in respect with the highest (4.87 shoots/plantlet) and the 

longest (10.13 cm) length of shootstplantlet whereas the treatment combination 1.5 

NAA mg./L+0.5 mg/I. required minimum days (0.93 days) to root initiation with the 

highest (14.53 roots/plantlet) and longest (7.45 cm) roots/plantlet. 

When varieties were taken under consideration, influence on all the parameters under 

study was found significant. Variety Granola took the minimum days (l$.17 days) to 

shoot initiation. The highest number of shoot (3.00 shoots/plantlet) having the longest 

shoot (6.76cm) and the maximum number of leaf (8.32 leavesplantIct) was also 

noticed in the same variety. This variety also produced the longest (4.60 cm) length of 

root at 28 DAT. 

Combined efket of varieties and dit]ërcnt eonccnlrations or hormones showed 

signi ticant variations on days to shoot and root initiation, number and length of shoots 

and roots. The minimum days to shoot (5.40 das) and root (1 .20 da s ) initiation were 

in treatment combination 1.5 mg/L NAA '1.5 mg/I. RAP in variety Granola and 1.5 

mg/I. NAA-0.5 mg/I. RAP in variety Asterix, respectively. The maximum number of 

shoot (7.00 sltoots/plantict) with the longest shoot (10.72cm) 	as observed in 

treatment combination 1.5 mg/L NAA+l .5 mg/L HAP with variety Granola. IIesidc 

this. the maximum (19.40 roots/plant) and the longest (14.42 cm) root was lound in 

the hormonal treatment combination 1.5 mg/L NAA+0.5 mg/I. RAP in variety 

Diamant and Granola, respectively. 
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The overall experimental findings revealed that the variety Granola was the most 

responsive to (IA3  application for sprouting and days to sprout initiation gradually 

decreased with the increased concentration of (IA 3. The results of the present 

investigation also indicated that potato cultivars Granola. Diamant and Asterix could 

be successfully mieropropagated using LU mg/L NAA 1.5 mg/I. BAP for rapid 

callus induction and 1.5 mg/L NAA lbr getting large sized callus. Considering the 

findings ofthe present study. MS media supplcmented with 1.5 mg/I. NAA 1.5 mgtl. 

BAP for rapid shoot regeneration and 1.5 nig/L NAA 10.5 mg/I. was Ibund to be the 

best for rapid root Ibrmation. It was also revealed that auxin (NAA) alone and auxin 

(NAA) with evtokinin (BAP) in combination could induce callus but BAP alone could 

not produce callus. 

For acclimatization, pLantlets were transplanted from culture media to soil in tray with 

small hole in the growth chamber, where percentage of survival was the lughest 

(82.22%) in cv. Granola and minimum percentage of survival (66M7%) was in 

Asterix. After transplanting the plantlets from small hole of tray to soil. 94.60°/i, of in 

vitro regenerated plantlets in cv. Granola and 90.00% in cv. Asterix survived in the 

extreme garden condition. 

The protocol developed from the present study may be usellil fhr large scale 

production of healthy and disease free planting materials of potato commercially. Fhis 

protocol could be used for in vitro breeding programme. Also the findings of the 

study may be used lbr genetic transformation for the improvement of potato using 

hiotechnological approach. 
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APPENDICES 

Appendix L Composition and stock solution of MS (Murashige and Skoog 1962) 

Stock-I 

medium 

Major salts (19*) 	 mg/L gIL 

KNth 	 1900 19.00 

16.50 N114NO3 	 1650 

N4gSO4.71120 	 370 	- - 	3.370 

4.40 CaCl2.2H20 	 440 

KH2PO4 	 170 1.70 

Stock-2 Minor salts (100*) 

I 	0.83 83 

MnSO4.4H70 

ZnSO 4.71-120 

Na2MoO.1  .2 H20 

6.2 620 

22.3 - 	2230 - 

8.6 860 

0.25 	- 25 

0.025 	I 2.5 - - 

0.025 2.5 

I - 	178  

'- 31-7._Il 	 3.73 

100 10000 

0.5 50 

0.5 50 

10 0.1 

2.0 200 

Stock-3 

Stoek-4 

CoCl2.61-t7() 

rifl EDTA 

1(100*) 

FeSO.7H2() 

Na2EDTA.2H20 

Organics (100*) 

Myo-inositol 

Nicolinic acid 

Pyridoxin HCI 

Thiamine 11(1 

Glycin 
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Appendix H. Analysis of variance of days to callus induction and breadth of 

callus 

Sources 	I Degrees Days to Breadth of callus (cm)  
of 	of callus 7 DAI 14 DAI 21 DAI 	28 DAI 
variation 	freedom induction  
Factor A 	2 13.927** 1889NS 0.269 0.742 
Factor B 	j 	9 6.525** 2. 8$3** 0.238* 1 	0.7324*  1.734 
AR 	18 7.601 1.826 0.249" 0.327 029N', 

Error 	120 1077 0042 0114 0 133 0187 

4ssigniflcant at 1% level 
=Significant at 5% level 

NSNOII signiticani 

Appendix Ill. Analysis of variance of length of callus 

Sources 
of 
variation 

Degrees 

freedom 
of  

Length of callus (cm) 

7 DAI 14 DAI 1 	21 DAI 28 DAI 
Factor A 
Factor B 

2 
9 

0.002 NS  

O.02** 
0.025 " 
01 

2042 N S 

0741** 
0.742* 
1.734 

AR 18 0.014 [ 	0.089fl {).204 - 059 
Frror 120 0.006 0.02') 1 	0.117 0.187 

44 Sienilicarfl at 1% level 
t=Significant at 5% level 	 ._L1 

NOH signiheant 
14; 

Appendix IV. Analysis of variance of size of callus 	 >•. 

- 	Size of callus (cm) 
Sources of 	Degrees of  
variation 	freedom 7 DAI 13 DAI 21 DAI 28 DAt 
Factor A 	2 	-- 0.011 0.094 	' 0.053 Mc 0.567' 
Factor B 	9 0.033*4 0.162 0.6534*  1.035" 
AB 	 18 O.03**0.136** _O. lb1  
Error 	 120 0.007 0.049 0.077 0.118 

t 4 Sig11itica111 at 10 /0 level 
at 5% level 

sNon signhlicant 



Appendix V. Analysis of variance of fresh weight of callus 

of 	Degrees of 

i 	1 freedom 

Factor A 
Factor 13 
AB 
	

11 
Error 
	

120 
**signhficant at 1% levi 

t 'Siguiflcant at 5% level 

Fresh weight of callus (gin) 

Initial weight (14 
DAI)_  

0.93 7* * 
0.436 
0.3 2 * 
0.081  

Final weight (30 
DAI) 

4 .** 	I 

477 H 
()7M444  

0.316 

Appendix VI. Analysis of variance of days to shoot initiation and number of 

shoots/p lan tlet 

of of initiation 7 DAI 
variation 	freedom _______________ 
Factor A 	I - 2 75533*4 3364* 

Factor 13 14 684.5324* - 7.019n . 

AB 28 169.4" 1.308" 

Error IlP - - 	9.544 	- 	0.158 

Sources 	Degrees l)ays to shoot 

** ==Signiltcant at 1 % level 
4 -Signilieant at 5% level 

Number of shoots/plantlet 	- 
DM 21 DAI 1 	28 

)()013**)5191 Il.338 *S 

14.452 14.792 21.961" 

1.433 2.423" 4.672k' 

- 	0276 0.453 1 	1.289 

Appendix VII. Analysis of variance of length of shoots/plantlet 

Sources of 
variation 

Degrees of 
freedom 

Lengtofshoots/pIantlet 

14 DtI 
9.195" 
45.802 
1.786*4  

0.332 

(cm) 
21 DAI 

29.177" 
41.603*4  

0.011" 
0.689 

28 I)AI 
28.415" - 
84.171  

16.973 
1.903 

7 DAI 

FactorA 2 - 
- 14 

28 

NS 0.102 
20.246 Factor B 

All 	- 
t:rror 

1.004 
ISO 0.116 

44 Significartt at I'Y0 level 
tsignifieant at 5% level 
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Appendix Vill. Analysis of variance of number of leaves/plantlet 

Sources of Degrees of \l flthgr of leaves/plantict 

variation 
freedom 7 [Ml 14 [MI 21 DAt 28 [MI 

Factor A 	- -- 2 Th,Oão** I 	3731t - 49.551 213.098 

1actorB 14 - - 0.000 12916* 74.199' 242.932 
Al) 28 0.000 5.921* 1971 3 65320t 
Dror 	L - J8O 0(00 0.007 0 Sot 1.791 

signh l icatu at I o/;  level 
t=Signiticant at 5% level 

Appendix IX. Analysis of variance of days to root initiation and number of 

roots/plantlet 

Sources 	Degrees of Days to 	 Number of !001d/P!!L.. 
of 	freedom 	root 	7 l)1t1 	14 DAI 	21 D1U 	28 [MI 
variation 	initiation  
Factor A j 	2 	162.004** 	113** 	25.124 
Factor 13 	14 	1  1960.284** 25.484** 	43.I95* 

Al) 	28 	232.6** 	- 578** 	6.534* 

Error 	180 	1.598 1  0.138 	0.238 

59.284 
$3 .48 
SI .4S 

0.92 

ii Oil" 
245.23 6 * 
$4.2 18** 

1.851 
* *rrsigni  kant at 1% level 	- 
*rSigniticant at 5U/0  level 	 hu.c.8ar;a Aar:Lt 	ur,r 

Library 
.......... 25 
* 	 D 	12' 212- 

Appendix X. Analysis of variance of length of roots/plantlet 

Sources of 	Degrees of - I .ength of rootslplant!et(cm) 
variation 	freedom 7 DAt 14 [Ml 21 l)AI 
Factor A 	2 0.837* I.976** 	4.64 
Factor B 	14 1 5755** 29.324* 30.815" 
Al) 	 28 - 1.113" l.526 1.258 11 

Error 	 P 	. - 0.004 0.002 - 0.253 
at l% level 

*isigniflca1t  at 5% level 

l0Ll3* 

29.492* * 
0.061 
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