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F:vvrrroF P1NT (;ROWTII RF:(;t LAlOKS ON IN VITRO tIaJII'LtC.\TiON OF POTATo 

ABSTRATCI' 
By 

Id. Kamrut Ijasan 

An invesligation was carried out in the tissue culture laboratory. l3iotechnology 

Division. Sher-e-Rangla Agricultural University (SAl)). Dhaka. during the period 

from Januan, 2009 to December 2009 to siudy the effecl of plant growth regulators 

NAA. I AA. RAP & GA3) on in vitro multiplication oF potato through callus culture and to 

find out the regeneration potentiality of three lotalo varieties Dianmnt. Cardinal and Granola 

using stem segment as e'.plants. Ditkrent concentrations and combinations oINAA and RAP 

were used on MS media for callus initiation and proliferation. Different concentrations and 

combinations of BAP and ()A were used with MS media for shoot induction and different 

concentrations and combinations 01' IAA and GA were used 11w rooting. 

the performance of cv. Cardinal was better for callus initiation. Minimum number of days 

required for callus initiation was recorded in cv. Cardinal produced on MS media 

supplemented with 3.0 mgI NA,\ and 1.0 mg/I RAP. But the highest Fresh weight of callus 

was found in cv. Diamant with the same concentration and combination of hormones at 60 

DAt. in ease of number of shoots/callus, it was found that maximum number of shoots per 

calltis produced on MS media supplemented with 1.0 mgI RAP and 0.1 mg/I GA3  in cv. 

DialTiant and (iranulla at 60 DAI. But in case of days required for shoot induction. cv. 

Cardinal required minimum number of days. Itighest shoot length found in cv. Diamant with 

same combinations and concentrations of hormones at 60 DAt. Highest number of leaves per 

plantlets found in cv. Diamant and Cardinal produced on MS media supplemented with 1.0 

mgI RAP and 0.1 mg1l GA3  at 60 DAt and niiniintim number ni leaves per plantlets found in 

cv. Granul Ia produced on MS media without any hormone at 60 DA I. Maxinium number of 

days required for root formation was noticed in cv. Granulla with 1.00 mgI IAA and 0.1 mg/I 

GAI and minimum number of days required for root llnnation was noticed in cv. Cardinal 

with 1.0 mng:I IA,\ and 0.05 mg I (A. I tighesi number of roots found in cv. Diamant with 1.0 

ing I FAA and 0.05 mgI GA3  and minimum number of rooLs found in cv. Diamant and 

Grantilla with 1.0 rng1t IAt and 0.0 mg/I 6A3  at 60 t)AI. I lighcst root length found in cv. 

t)iamant with 1.() mg I IA A and 0.05 mng/L GA; niinimtlm root length found in cv. Grariutla 

with the same concentration and combinations of the same hormones at 60 DA I. 

The plantlets with sufficient number of well developed roots were successfully transferred in 

small holes of plastic iray in growth chamber and subsequently to soil in open atmosphere. 

Regenerated planticis from cv. Diamant survived easily at high rate in growth chamber and in 

open atmosphere. 

x 
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CHAPTER I 

INl'RODUCTION 

Potato So/atzu,n liIIk'rosit,n I ..). belongs to the family Solanaceac. is one of the most 

important food crops worldwide and is consumed as staple food in more than forty 

countries in the world. It seems to be originated in the central .Andean areas of South 

America. Potato ranks as the world's fourth most important food crop. after maize. 

wheat and rice (FAO. 2008). Potato tubers give an exceptionally high yield per acre 

many times that of any grain crop (Burton. 1969) and are used in a wide variety of 

table, processed. livestock feed, and industrial uses (Feustel. 1987). In Bangladesh. 

Potato represents about 53% of the total edible vegetables (Rashid. 3999). 

In 2007. I3angladeshi farmers harvested 12 times more than in 1961. which placed the 

country at No. 14 aniong (lie world's potato producers and No. 4 in Asia (FAO. 2008). 

Potato can be a substitute of rice and wheat, especially For the low income groups. 

With the consistent population increase. pressure on agricultural lands Lhereby 

available Ibods impart increased cost of rice and that directly affect low income 

population who are already deficient in calories. Among the tuber crops. Potato has 

become an important dietary source for many countries including Bangladesh. Several 

high yielding varieties (I WV) are now cttltivated in Bangladesh although traditional 

varieties still occupy about 35% of the total area (Ilangantileke of al.. 2001). 

lxpansion of cultivated area and improved cultivar are two important factors 

pertaining potato production. In Bangladesh 5167 thousands M. tones of potato were 

produced from 345 thousands heetare of land during 2006-2007 (l3BS. 2008). The 

average yield of potato in Bangladesh is 19.69 I/ha which is very low compared to 

many potato growing countries like the Netherlands (44.7 t/ha). the LISA (44.6 tJha) 

and Germany (42.3 t/ha) (FAO. 2008). However potato production has to be 

increased, even with the current rate of demand. 

Cultivated potatoes are tetraploid species which is highly heterozygous and have 

tetrasomic inheritance. The use of botanical seeds in commercial cultivation is thus 

precluded by low gerniinability and large variability in the segregant generations 

(Gardner and Snustad. 1986). 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 affect Ilowering and 

seed sening. Presence of these factors poses margins on the use of breeding 

techniques for improvement. In spite of' having problems in conventional breeding, 

most of the potato varieties available now,  a days have been developed through natural 

selection and conventional breeding which is very lengthy process. This propagation 

is characterized by low ratio of multiplication that ranges from 1:4 to 1:15. Tissue 

culture offers an excellent technique for rapid multiplication of potato plant (I'ovar 

and Dodds. 1986). Recently plant genetic engineering have opened a new avenue in 

the area of crop improvement. An ellicient tissue culture svsteni is thought to be 

crucial to the success of plant genetic engineering, providing new tools to the plant 

breeder for crop improvement. lhe technique can be used to add desirable traits from 

the wild relatives to the existing cultivars. However, a prerequisite Ibr transferring 

genes into plant is the availability of an efficient transformation and regeneration 

system (1-lanirick et(i!.. 2000). 

Usually tuber is the means of potato propagation. Potato production is limited due to 

some important factors such as unavailability of compatible varieties and the disease 

free plant materials particularly in outlying regions not connected with dependable 

transport. As potatoes are propagated vegetatively, the tuber horn pathogens of 

previous )ear can be perennated over generations with SyiIptOm expressed of latent. 

Consequently. much attention has been focused over hi vitro production of virus free 

potato plantlets (Djurdjina ci (it. 1997). 

Vegetative propagation through tissue culture is important for multiplication of potato 

plants. 'lhe growth regulators are used in tissue culture media. Plant growth regulators 

are the critical media components in determining the developmental pathway of plant 

cells. The most commonly used are plant growth hormones or their synthetic analogs. 

There are several classes ol' plant growth regulators- auxins, cviokinins. gibberellins. 

ethylene. and absciscic acid. The) all play a distinct role in development of plant. For 

plant cells to develop into a callus it is essential that the nutrient medium contain a 

balanced ratio of plant hormones. i.e. auxins. cylokinins and gibberellins. The 

phytohormone balance varies for different tissue explants from different parts of the 

same plant. Thus, there is no ideal media. Relatively high ratio ofauxin to cvtokinin is 

required for root induction and high ratio of cytokinin to auxin is required for shoot 

induction from callus. After number of subculture. cells show differentiation of 



tissues. The shoot differentiation has taken place from callus culture (Padnianabhan ci 

at. 1974:Delanghe et at. 1976: Kartha ci al.. 1976). Ihe process of transferring in 

vitro plantlets on plant regenerating niedia from test tube to the field is much more 

complex (Schilde and Schmiediche. 1994). 

Many researchers work to standardize the optimum concentrations of growth 

regulators for regeneration of potato and consequently great progress has been 

made in potato callus induction and plant regeneration (Ahloowalia. 1982: 

Dobranszki et al.. 1999: I lansen ci cii.. 1999: Ehsanpour and Jones. 2000: Fiegert ci 

cii.. 2000: Khutan ci at. 2003: Yasmin c/ at. 2003; Shirin ci cii.. 2007). 

There are various factors that aftèet in v/no callus proliferation and plant regeneration 

such as position of the explants on the plant as well as size of explants, genotype of 

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

nutrients and phytohorinones / plant growth regulators in the culture medium and 

environment tinder which cultures are grown i.e. light. temperature. and humidity 

(Phillips and l-lubstenbcrger. 1998). 

l:arniers  usually use previous harvest seed tubers, this favors seasonal build up of the 

tissue borne pathogens. and such pests lead to significant loss of yield and tuber 

quality via seed degeneration (I laverkort ci al. 1991). Potatoes are found to he 

infected more than 20 viral diseases, of them I'VX and PVY depress tuber )ield tip to 

80% and may destroy whole crop in combination with others. The frequency of PVX 

free plants of potato reported to he much higher in plants regenerated from the 

meristem tip callus (46°A) than those directly derived from meristeni tips (Wang and 

Haung. 190). So far. no method has been employed for cleaning up the virus infected 

plants for generation of virus free stock. 1-lowever, it is now well known fact that 

through n'teristem culture it is possible to develop virus free potato planting stocks in a 

mass scale. More importantly. tissue culture systems are capable of creating genetic 

variability and producing plants with novel characters. This suggesis, tissue culture 

application could he the viable alternative in developing new cultivars apart from 

generating virus free planting stocks and ameliorating hetcrozygous segregants. 

3 



Based on the above information the present piece of work was under taken with the 

following objectives: 

To establish a protocol for regeneration of potato (So/anion tube rosum) 

To investigate in vitro callus initiation ability from potato explant (stem 

segment) using different combination and concentration of plant growth 

regulators 

Ill. To develop an in vitro regeneration system for Diamant, Cardinal and 

Granulla eultivars from stem segment 

4 
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CHAPTER II 

REVIEW OF LITERATURE 

Generally. Micro propagation of plants through in vitro culture is done to obtain 

healthy plants which depend on various factors like composition of media, explants 

and environmental conditions e.g. temperature. light, humidity etc. Very few works 

have been on these aspects. Potato is one of the most important vegetable crops 

throughout the world. It appears to be the number one vegetable of Bangladesh. 

Reports on in vitro regeneration of potato are very limited in our country. However, 

many workers have carried out research on micro propagation of potato in different 

countries of the world. In the present chapter. an  auempi has been made to review the 

literattire related to the present research work. 

2.1 Concept of potato tissue culture 

Conventional techniques of crop improvement are lengthy process. The techniques of 

plant tissue culture has been developed as a rapid and powerilil tool for crop 

improvement (Carlson. 1975: Razdan and Cocking.1981)  and received wide attention 

of modern scientists (D. Amato, 1978; Larkin and Scoweroft. 1982). 

Callus is an amorphous mass of loosely arranged thin walled parenchyta cells arising 

&om the proliferating cells of parent tissue (Dodds and Roberts. 1990). Callus 

induction and regeneration from difThrcnt explants of various potato varieties in 

dilThrent combination of growth regulators were reported by several workers. 

Mttrashige and Skoog (1962) reported that the nutritional requirement for optimal 

growth of in vitro tissues may vary with varieties. Nven tissue from ditlèrent parts of 

plants may show different requirements for satisfactory growth. The most relevant 

literature on teniis of callus proliferation, shoot induction and regeneration of potato 

have been reviewed under the following sub-headings. 
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2.1.1 Effect of growth regulators on callus proliferation 

Pacheco c/cit (2003) assessed the three concentrations of I A A 0.0. 0.2. and 1.0 mg'L: 

BA 0.0. 1.0 and 3.0 mg/U and their respective combination on callus induction. They 

reported that the most efficient combination of IAA was at 1.0 mg/L and BA at 1.0 

mg/i. and that resulted in 27.5% calli. Moreover, the) had also observed that 0.05 mg 

IAA/L: 0.05 mg BA/L: and 0.1 tug GAul. being the best combination medium that 

induced roots 40% of the explants and different plantlets. 

Omidi et ciL (2003) from their study to assess effect of growth regulators (2,4-I) and 

Kinetin). explants on callus induction in potato observed significant effect of 2.4-I) 

combined Kinetin concentration, and their interactions on the frequency of callus 

induction and roots on the callus. The effect of explants and their interaction on 

frequency of callus induction was not significant alihotigh the cflëet of these factors 

on the initiation time of callus induction was significant. 

An efficient procedure has been developed by Jayasree c/ al. (2001) for including 

somatic enibryogenesis from leaf culture of potato cv. Joythi. For this. leaf sections 

were initially cultured on 2.4-1) BA and NAA I BA supplemented Murashige and 

Skoog (MS) media. 

More et cil. (2001) evaluated to MI-IS and Hiboras-6 to determine their effect on 

embryogenic callus tbrmation of potato cv. Desire. They reported from their studies 

appropriate doses (0.0001-0.25 mg a.i/L) of MI IS and Be as possible substitutes or 

hormonal complements. Furthermore. they observed best callus formation from 

medium-1 supplemented with 0.1 mg MH5 ± 0.01 mg 13B-6 /L and from medium-Il 

supplemented with 0.001 mg Ml IS and 0.01 'ug 1113-6/1- 

Fiegert et al. (2000) studied callus induction of potato (Su/(mwn tuberosiwi cv. 

Tomensa). It was observed that maximum calli were induced from leaf on medium 

supplemented with 3.0 mg/I. NAA and 0.25 mg/I. BA. After cultivation of the 

resulting calli in medium supplemented with 3.0 mg/I. NAA and 1.0 mg/I. BA for I5-

20 days, the hard green calli were transferred to embryo formation supplemented with 
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0.1 mg/L GA3  —ml 0.05 mg/L zeatin. Embryo formation was detected after 30-35 

days. 

Fomenko et at. (2000) studied the dynamic of callus formation in potatoes. MS 

medium with NAI\ was selected br tuber explants and a medium with 2.4-D and 

Kinetin for leaf and stem explants. Protein and nucleic acids were analyzed during 

callus development. 

An experiment was conducted by Zel et at. (1999) where leaf explants of potato in 

combination with dilibrent growth regulators. especially different concentrations of 

Zeatin Riboside (ZR) were tested and the great callus was obtained with 2.5 mg/I. ZR, 

0.2 mg/L NAA and 0.02 mg/I. Gibberelic Acid (GA;). 

Callus formation of 5 potato genotypes with different genetic origin was analyzed by 

Dobranszki ci at (1999) on 5 different media to select the optimal treatment. Both 

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

best undifferentiated growth of friable calli on leaf explants was observed after 4 

weeks on medium containing 0.25 mg/L KIN and Si) mg/I. 2.4-I). 

An experiment was conducted by Esna and Villiers (1998) where shoots. roots and 

calli were Formed from potato cv. Desiree when grown in vitro on Murashige and 

Skoog (MS) medium supplemented with 2.4-D and/or RAP. 

in vitro regeneration was assessed by Hamidi ci aL (1998) in potato cv. Nagore. 

Desiree and Superior. Different explants such as leaves, tubers and different 

regeneration media varying in their hormonal composition were tested to increase the 

efficiency of the process. Callus induction rates were higher using an MS media 

containing glucose 30 g/L). NAA (0.02 mg/L). ieatin riboside (2.0 mg/L) and CiA 

(0.02 

Callus lorniation was investigated by Fomenko es al. (1998) in potato in potato hybrid 

78563-76 and cultivars Rosinka and Otrada on MS medium supplemented with 

various growth regulators. They reported that different genotypes responded 
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differently to the growth regulators in the medium in terms callus formation. Protein 

and nucleic acid metabolism during callus lormation also diftëred with genotype. 

An experiment was conducted by Garcia ci al. (1995) where somatic embryos were 

obtained from stein nodal section of in vitro cultured potato plants. 4-8 mm long. Calli 

were initiated in MS salts supplemented with 4 mg 2.4-1). After 90 days. ealli were 

placed in media devoid or 2.4-I) supplemented with 0.1 mg GA.; or 1.0 mg BA/I.. 

Embryos formation was detected after 60 days of tissue incubation. Histological 

studies contirmed the embryogenie nature of the ealli. L'he embryos were produced at 

high frequency. [hey also isolated and reeultivated in the same medium, and the 

developments ofplantlets was observed 45 days alter embryo formation. 

An experiment was conducted by Kollist and Tikk (1994) to study the callus 

formation ability of 21 potato varieties on MS medium with different concentrations 

of growth regulators and sugars. They reported the callus induction ability was 

strongly dependent on variety and the composition of the medium. [he most etThctive 

media contained auxin at low concentration and cytokinin at high concentrations 

(0l.fllg/l. IAA and 6.0 mg/L BA) 

An experiment was conducted by Martel and Garcia (1992) cultured potato cv. 

Sehago discs on MS medium with 30 gm/L. sucrose where 0-0.1 mg/I. NAA I 04.0 

mg/I. 13A were added for the initial medium. NAA was essential for callus formation. 

The amount of callus formation was increased with increasing concentration of both 

NAA and 13A with the highest concentrations oiboth growth regulators. 

likk ci aL (1992) from their experiments evaluated callus induction from leaf stem 

and tuber explants of II varieties together with the 7 modilications of MS medium. 

and 12 modifications of the medium with supplements. They observed all the varieties 

had showed callus-forming ability in the optimum medium although there were 

differences in rate and stability oieallus formation. 

Martel ci oIl (1992) conducted an experiment leaf discs. were cultured on Murashige 

and Skoog medium. Th> observed NAA essential for callus formation and that 
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increased with increasing concentrations of both NAA and BA. They recorded the 

best results from the highest concentrations of both the growth regulators. 

Somlenskya (1989) reported that the primary callus of Yantarnyi and Pigozhii as 

produced by culturing leaf and stem explants on medium with various supplements. 

Explants of the primary callus were cultured on the same medium but with BAP. 

NAz\ or both of these growth regulators. Shoot formation was successful on medium 

with GA.; 

Pett and Tiemann (1987) scored the callus induction ability and the number of shoots 

regenerated per IOU explants in potato. Stem pieces, petioles and tisSLie from leaves 

were cultured on medium containing different combinations of cytokinin. auxin and 

Gibberelie acid. Stem pieces gave higher callus induction and regeneration rates than 

petiole and lealexplants and zeatin was more effective cytokinin than benzyl adenine. 

Song et a! (1987) reported from their studies the effect of varioLis growth substances 

on callus induction and plantlet regeneration. Callus was induced on medium 

supplemented with 2.4-I) and Kinetin or I3AP. Induction was further improved by 

addition of CiA5  to the medium with 2.4-D + RAP. Callus proliferation was more 

active when transtrred to a medium with higher concentration of 2.4-a despite the 

GM concentration had little efThct. No shoot dihierentiation occurred in many 

treatment using ttiher explants. Leaf explants had formed callus on medium with 2,4-

1) RAP. and roots and shoots tormed after transfer to medium in which 2.4-D was 

replaced by IAA and GM. 

An experiment was conducted by Resende and Paiva (1986) for plantlet regeneration 

from explants of 5 potato eultivars. During the stage of callus initiation. MS medium 

supplemented with 0.01 nig/L NAA. 0.1 mg/I GA and 1.0 mg/I. BA gave better 

result than MS medium supplemented with 0.4 mgJL Kn and 1.0 mg/L GA. 

Gvnheung ci oL (1986) carried out an experiment to detenuine the best medium 

composition and concentration of phytohornione with a view to plant regeneration as 

well as 1lgmbucterizun mediated trans formation on potato. The reported result 
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indicated that the best medium for callus induction was 2.0 mg/L NAA. 0.5 mg/I.. 

RAP and 15.0 nig!L Glutamine. 

l3erjalk ci al.( 1985) reported that higher concentration of auxin and cytokinin were 

needed to achieve regeneration from tuber callus than from internode callus. 

Khvikovskaya and Chwikowska (1982) obtain callus from leaves, stein and root 

explants. cultured on Murashige and Skoog medium with I mg!L 2,4-D. 0.2 mg/L 

Kinetin and 0.2 mg/I. NAA. Callus formation began earlier. but morphogenesis from 

the calli occurred at the same time in both type olexplani. Regenerated plantlets were 

obtained from callus originating from stem internodes and leaves of both 

monohaptoid and dihaploid plants. 

Novak (1980) studied the callus formation and differentiation with plantlet 

regeneration through potato stem internodes, leaf and root cultured (4 cv.) on 

Murashige and Skoog medium with addition of various growth substances alone and 

in combinaflon. Callus formation was best on medium with I mt Ni 2.4-D - 5 mt Ni 

IA.A - mi M Kunetin and was in the order stem > leaf > root. 

2.1.2 Effect of growth regulators on shoot induction 

Modarres and Moeini (2003) conducted an experiment with solid MS medium with 

0.25 mg/L GA3  and 0.01 mg/L NAA that sowed significant difference between 

different p11 levels in respect of it s ability to induction of rooting and shooting in 

plantlets produced from the single node of two potato (.S'oi(I'nan tuhemsuin L.) 

varieties after subjecting them with thermotherapy. Overall pH 5.5 was the best for all 

the traits. Low and high level of p11 from that 5.5 were Ibund to reduce the growth 

and rooting of single nodes. The reduction was more pronounced at low levels than 

high levels p11. 

Sidkou ci al. (2003) in their study observed potato genotypes micropropagated in 

vitro in medium with sucrose at 2-12% and BA at 0-5 mg/L. Shoots were formed after 

one week. All cultivars showed 100% regeneration. Regeneration frequency increased 

with increasing concentration of BA and sucrose. 
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An experiment was conducted by Sarker and Mustafa (2002) where maximum shoot 

induction in two indigenous potato varieties was observed on MS semi-solid medium 

supplemented with 1.0 mgIL RAP and 0.1 mg/I. (IA. Among the two varieties. 

namely Lal l'akri and Jam Alti, the Ibrmer showed the best response in terms of 

number of shoots/explants. nodes/shoot and shoot length. 

Gebre and Sathyananaryana (2001) compared the efficiency of cheap alternating 

gelling agents. tapioca (from the tuber of 2tJanihor esculenta) and sage (from the stem 

pith of fen/row/on .cago) and agar lbr in vitro shoot regeneration using internodal 

explants of potato. For shoot induction. agar maintained at 8.0 mg/L. while tapioca 

and sage varied between 9-18% and 10-14% (w/v). The medium supplemented with 

3% sucrose. 0.03 mg/L NAA. 0.25mg/1, CiA; and 2.5 mg/I. Ca-pantopthanate. 

Aim ci at (2001) conducted an experiment for the regeneration of potato through 

protoplast culture. Suitable plant growth regttlators combination tbr shoot 

regeneration was Zeatin and IAA in both cultivars Dejima and superior and the 

optimum concentrations were 2.0 m/l Leatin and 0.1 nig/L IAA for cv. Superior. 

Asnia et itt (2001) studied the effect of different concentrations (1.0. 2.0. 3.0. 4.0. 4.0 

mg/I ) of GA and BAP on the in vitro multiplication of nodal fragments and stem 

segments of potato cv. Desirce. The maximum shoot length was obtained when 4.0 

tug/I. GA3  was applied. The number of nodes was no significantly by any oithe (1A3  

concentrations used in this study. ike maximum number of shoots (14) was obtained 

when 2.0 mgJL RAP was applied. 

A study was conducted by Ciebre and Sathyanarayana (2001) in vitro shoot 

regeneration by using nodal explants of potato. The regeneration medium was 

supplemented with. 0.03 tug NAA/L and 0.25 nig GA3/I.. Highest number of shoot 

(3.11) was obtained with the high concentration of NAA and in low concentration of 

GA3. 

Jatinder ci al. (2000) observed that the iii dim propagation of tbttr potato etiltivars 

(Khttfri Badshah. Khuiri Chandramukhi. Khufri Jyoti. and Khufri Sinduri). Shoot 

nodal segments were excised. cultured on solid half-strength medium and full strength 



MS medium. The shoots were rooted in half-strength MS medium with IRA (1.0 

mg/I.) resulting in 990/o rooting with well developed roots. The percent shoot 

regeneration from cultured nodal segments was highest (98%) in Kufri Jyoti. Shoot 

establishment was better in half-strength than in full strength solid MS medium in all 

4 eultivars. Kufri Sinduri exhibited the best shoot multiplication with the highest 

number of nodes (5.58) per shoot in liquid MS medium while on solid MS medium. 

Kufri Jyoti exhibited the highest number olnodes. 

One, two and three step methods of plan regeneration from stem culture of potato cv. 

Delaware were tested by Ehsanpour and Jones (2000). Results showed that the one 

step procedure using a synthetic cvtokinin was the best rapid plant regeneration. In 

this culture medium, several buds and shoots were regenerated from stem culture 

while other methods using t culture medium supplemented with combination of GA. 

NAi\, Zeatin and 2-iP and IAA. 

Internodes and leaf explants of potato in combinations with different plant growth 

rcgtilators. especially different concentrations of Zeatin riboside (ZR). were tested. 

shoot induction was most successful on callus derived from internodes tissue cultured 

on induction medium supplemented with 2.5 mg/L ZR. 0.2 nig/L NAA. 0.02 mgiL 

GA for two weeks and then transferred to a shoot induction medium containing 2.5 

mg/i. ZR (Zel ci aL. 1999). 

I lasan ci ci. (1999) investigated shoot regeneration on explants from different leaves 

and leaflets of potatoes cvs, l'osmo. Folva and Oleva. Explants were excised and on 

callus induction medium with l.AA or 2, 4-D. Then, those transferred to auxin free 

shoot regeneration medium with GA3  and RAP or Zeatin. By using the optimum 

combinations and concentrations of plant growth regulators and by excision of 

explants from particular regions of proximal leaflets from newly unfolded leaves. 

shoots regeneration frequencies of 44.6% were obtained for cv. Posmo and 32.1% 

from cv. Folva. 

Zel ci al. (1999) studied petiolcs. intenmdes and leaf explants in combination sitli 

different plant growth regulators, especially different concentrations of Zeatin 
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Rihoside (ZR). Shoot regeneration was most successful on callus derived from 

internode tissues cultured on induction medium. In a comparison of the regenerative 

potential of Igor with that of Desiree. Igor had poorer and slower regeneration and 

produced fewer and shorter shoots. 

Esna-Ashari and Vii hers (1998) observed that shoot, root and callus were formed 

from tuber discs of potato cv. Desiree when grown in vitro on MS basal medium 

supplemented with 2. 4-I) or BAP or both. Shoots were formed directly on MS 

medium with 1.0 mg/L BAP without the addition of 2.4-D. 

In vitro regeneration was assessed by I lam idi CI 0/. (1998) in potato cvs. Nagore. 

Desirce and Superior. Leaf explants in different regeneration media differing in the 

hormonal composition were employed to increase the efficiency of the process. Callus 

induction rates. number of shoots and number of regenerated plants were determined 

lbr the explant. The best observations were in regeneration rate, using an MS media 

containing NAA (0.02 mg/I.) and GA3  (0.03 mg/I). 

An experiment was conducted by Alphnose et at (1998) with leaflet explants. and 

callus tissues from micropropagated plantlets of potato cultured on a variety of 

medium supplemented with different growth regulators. Spunta showed the highest 

regeneration from leaflets. followed by Desiree. Supplementation of Murashige and 

SLoog medium with I mg BA. I nig IAA and 10 mg GA3/L was the best combination 

of growth regulators for regeneration from leaflets, while 0.4 nig IAA 0.4 mg GA3  

and 0.8 mg Kinetin. Medium containing 5 mg 2. 4-D and 2 mg KinetiniL was best for 

callus induction. flra had the highest ability for callus induction. 

Mactel and Garcia (1992) cultured potato cv. Sehago discs on MS medium with 30 

g/l, sucrose, to which 04 mg/L BA 	1.0-5.0 mg/I. (IA3  were added for the shoot 

proliferation. Both 13.A and GA3  were necessary for shoot lormation. Shoot formation 

occurred more rapidly with higher BA concentration. 

Amezqueta c't at (1989) studied sub apical meristematic shoot tips. shoot tips from 

axillary bttds and nodal sprouts through cultures in solutions containing various 

concentration and combination oINAA. IAA Kinetin or GA3  they observed higher 
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number of regenerated plants and increased rate of explant growth increased with 

initial size of explant. 11w most regenerated plants and fastest growth rates were in 

MS medium supplemented with 0.5 mg IAA I 0.1 nig GA/I.. 

Sniolenskaya (1989) reponed that the shoot appears on the fourth day after culturing 	
I 

in Yantarnyi and on the fourteenth da) in Prigozhi. Presence of SAP (3 mg/I.) in the 

medium inhibited shoot formation, while presence of GA3  alone 0.05 nig/L) or in 

combination with NAA (0.03 mg/U stimulated shoot formation and also rooting. 

were occurred a month after subeulturing. 

Different media for plantlet regeneration were investigated by Resende and Paiva 

(1986). They recorded that a MS media supplemented with 0.0! nig NAA. 0.! mg GA 

and I mg BA/I. gave better results than MS medium supplemented with 0.4 mg 

kinetin and I mg GA/I.. MS medium supplemented with 5 mg BA and 0.5 mg GAIL 

appeared best shoot growth amongst 5 media assessed. During proliferation and 

rooting the only medium tested was MS supplemented with 0.01 mg N.AA. 0.1 mg 

GA and I mg Kinetin/L and this gave prolific and healthy shoots and good roots 

development. The best survival rates of cv. were 72.9% for Baronesa and 60% for 

Santo Amor. 

Kwiatkowski et at (1988) reported that trans-zeatin and zeatin rihoside enhanced 

shoot regeneration from stein, tuber and leaf tissues of potato with or without RAP in 

the media. RAP generally did not induce shoot regeneration unless tissues were 

transferred to a BAP free medium following initial I3AP exposure. This effect was 

overcome when zeatin was added. 

[he eflèct various growth substances on plantlet regeneration from potato explants 

were studied (Song et (1t. 1987). When callus was transferred to media with IAA and 

GA. shoots were formed successfully. 

Resende and l'aiva (1986) studied S potato cultivars for plantlets regeneration and 

observed that during shoot formation. MS media supplemented with 0.5 mg/L (IA and 

5.0 mg/L RAP gave better results. 
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2.1.3 Effect of growth regulators on root formation and regeneration 

An experiment was conducted by Sanavy ci aL (2003) with different concentration of 

N.AA and BAR to observe the best concentrations of auxin and cvtokinin for root 

formation. They observed that the lower concentrations of auxin and cytokinin 

influenced the formation of root but at higher concentrations (more than 0.5 mg/L) 

showed reversed tends. 

Modarres and Mocini (2003) conducted an experiment with solid MS medium with 

0.25 mg/I. GAi and 0.01 mg/I. NAA that sowed significant difference between 

different pH levels in respect of it s ability to induction of rooting and shooting in 

plantlets prodticed from the single node of two potato (Solainun tli/)CrosW?i I..) 

varieties after subjecting them with therinotherapy. Overall pH 5.5 was the best for all 

the traits. Low and high level of p1-I from that 5.5 were found to redtice the growth 

and rooting of single nodes. The reduction was more pronounced at low levels than 

high levels ph. 

Sidkou ci at. (2003) in their study observed potato genotypes niicropropagated in 

vitro in medium with sucrose at 2-12% and BA at 0-5 mg/L. All cultivars showed 

100% regeneration. Regeneration frequency increased with increasing concentration 

of 13A and sucrose. 

Sarker and Mustafa (2002) observed that half strength of MS containing 0.1 mg/L 

IAA. appeared to be the best for root induction from the excised shoots in two 

indigenous variety namely Lal Pakri and Jam All,. 

Shibili ci aL (2001) stated that cuttings o13 cm from glass house grown plantlets were 

successñtlly rooted by treating with 1.0 mg/L IRA t  0.5 mg/L IAA for tive seconds. 

Garcia ci aL (2001) conducted an experiment with potato nieristems cultured in MS 

media, supplemented with I mg (1A3/L. the plant regenerated and transferred in 

multiplication medium. ihe regeneration of plants decreased with the reduction in 

size of the meristenis used. Plants regenerated from 0.06 to 1.00 nim meristenis were 

96% virus free. 



Plant regeneration from stern culture of potato cv. Delaware was tested h) Ehsanpour 

and Jones (2000). Results showed that the procedure using thidiazuron, it synthetic 

cytokinin. was the best For rapid plani regeneration. In these culture medium. several 

shoots and roots were formed from stem culture. while the other method using a 

culture medium supplemented with combinations of GA. HAP. NAA, Zeatin. 2ip 

(isopentyleadeflifle) and IAA produced white and green calhi. Morphology and 

chromosome number of all regenerated plants were similar to the original plant. 

Results also showed that the regeneration system was suitable for cv. Delaware and 

that the culture conditions prevented genetic variation of the regenerated plants. 

Rdriguez ci al. (2000) described a one step regeneration system, using leaf explants of 

potato eultivars Diacol Capira (DC) and Parda Pastusa (PP). The eflict of different 

ratios of auxins and cytokinins added to MS basal medium (supplemented with 30 gIl. 

sucrose. 0.5 mg'l. thiamine. 1.0 mg'E. GA3  40.0 mgJl. ascorbic acid and 1.7 mg/I, 

phtagel at p1-I of 5.7) was investigated. All lealexplants From DC treated with zeatin 

rihoside 0.0 ma1L) and indole 3 acetic acid -!- IAA (1.00 mg/L) and PP treated with 

the zeatin rihoside (3.0 mg'L)induced regeneration. producing green and 

morphologically normal plants. 

Jatinder ci at (2000) observed that the in vitro propagation of four potato eultivars 

(Khufri l3adshah, Khufri chandramukhi. Khufri ivoti. and Khufri Sinduri). Shoot 

nodal segments were excised. cultured on solid haltstrength medium and kill strength 

MS medium. 1-he shoots were rooted in half-strength MS medium with IBA (1.0 

mg/L) resulting in 99% rooting with well developed roots. The percent shoot 

regeneration from cultured nodal segments was highest (98%) in Kufri Jyoti. Shoot 

establishment was better in half-strength than in full strength solid MS medium in all 

4 cultivars. Kufri Sinduri exhibited the best shoot multiplication with the highest 

number of nodes (5.58) per shoot in liquid MS medium while on solid MS medium. 

Kufri Jyoti exhibited the highest number of nodes. 

Esna-Ashari and Villiers (1998) investigated in vitro regeneration ability of the 

explants of potato cv. Desirce using ditIlrcnt combinations and concentrations of 
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difièrent groth regulators. After 9 weeks callus were transtbrred in MS media with 

1.0 mg /L BAP with addition of 2. 4-D and roots were formed successfully. 

Alphonse ci a?. (1998) cultured leaflet explants. tuber discs and callus tissuCS from 

micropropagated plantlet.s of potatoes cv. Cart I)esiree. Diamant and Spunta on MS 

media supplemented with diflirent urowth regulators. Supplementation of MS media 

with 1.0 mg/I. BA. 1.0 mg/I) IAA and 10.0 mgfL GA3  was the best combination of' 

growth regulators for regeneration from leaflets. 

in vitro regeneration of plants of potato cv. AisLes from stem segments was studied by 

Pereyra ci at (1998). Explants were cultured on V. Rosenberg media (I) tthout 

cytokinins. (2) with 0.001 mg'L kn or (3) with kartolin-2 and kartolin-4 (0.04, 0.08. 	 I 
0.12. 0.16. or 0.2 mg/L) instead of kinetin. Medium p14 was 5.6 in all treatments and 

cultures were maintained at 20°C. HR 60%, 3500 lux and 16 Ii photoperiod. 

Measuremet of stem length and number of roots and leaves were carried out 10. 20 

and 30 days alter culture initiation. Kinetin afkcted stern lengthening. but had little 

elThct on root and leaf formation. Better regeneration was observed with kartolin-4, 

the optimum concentration being 0.04-0.08 mgIl.. Plantlet regeneration was best 

using apical portions of the stein as explants. 

i'otato plantlets do not require exogenous hormone for rooting. In fact, they can be 

propagated. elongated and rooted on single hormone-free medium (Vinterhalter ci cii. 

1997). As soon as rooted planticis are obtained, these were transferred to pot in green 

house. 

An experimented was conducted by l3adawi ci at (1996) to study the effect of 2.0 

mg/I. IBA, 1.0 rngiL 113A f 1.0 mg/i. NAA or 1.0 mg/L IBA 4 160 mg/L floroginical 

on rooting of nodal cuttings. it was observed that supplementing MS media with 2.0 

mg/I. IBA produced higher number of roots followed by 1.0 mg/L IBA 	1.0 mg/L 

NAA. 
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Ao and Liti (1 991) conducted an experiment where leaf and stem explants from 6 

cultivars were cultured on MS media supplemented with various combinations of 

growth regulators. Plant regeneration frequency average 60.1-88.7% for the 6 

cultivars reaching 162,3% under the most favorable combination of genotype and 

growth regulators. 

Song ci al. (1987) studied the effect of various growth substances on plant 

regeneration. Callus from leaf explants on MS medium with 2. 4-1) 	
BAP were 

transferred to media with IAA and GA3  and roots were formed successfully. 

Media for plant regeneration from explants of 5 potato cultivars were investigated by 

Resende and Paiva (1986). They observed that during proliferation and rooting MS 

medium supplemented with 0.01 rng/L NAi, 0.1 mg/L CiA3  and 1.0 mg/L kn gave 

good root development. 

From the above reviews, it appears that different medi& culture condition and 

difThrent concentrations and combinations of growth regulators have remarkable 

influence on in viU-o regeneration of potato. 
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CIJAPTET III 

MATERIALS AND METHODS 

An experimeilt on potato In Vitro regeneration using stem segments and the effect of 

plant growth regtilators (POtts) NAA. IAA. RAP and GM on regeneration was 

conducted in the tissue culture laboratory. Biotechnology Department. Sher-e-Bangta 

Agricultural Iniversity (SAU). Dhaka. During the period from January. 2009 to 

December 2009. Studies were carried out in the following four stages of potato 

regeneration. 

in Vitro cal los initiation from stem segment of three potato varieties 

(Diamant. Cardinal and Granola) with the supplementation of diFferent 

concentrations and combinations of NAA and BAP 

In Vitro shoot induction with the supplementation of RAP and GM at 

different concentrations and combinations. 

Ill. 	In Vitro root fonnation and regeneration of plantlets through stem 

segment of three potato varieties (I )iamant. Cardinal and Granola) 

IV. 	kv vitro acelimati?ation and transfer of plantlets to soil 

The materials used and the methods followed to carry out these studies are as follows: 

3.1 Experimental materials 

3.1.1 Plant materials 

Shoot tip of the plantlets of potato cv. DiamanL Cardinal and Granola grown in Vimi 

is used as plant material in this experiment. 

3.1.2 Sources plant materials 

tubers of Soiwnun tuherosuin L. cv. Diamant. Cardinal and Granola were obtained 

from the luber ('rop Research Center (1(1(C) of Bangladesh Agricultural Research 

Institute (RARL). Jovdebpur. Gazipur. 

3.1.3 Culture media 

The degree Of success of any technology employing cell, tissue and organ culture is 

related to relatively Few major factors. Murashige and Skoog (MS) (1962) medium 



were used with the supplementation different plant growth regulators as culture 

medium for callus initiation, shoot induction, root formation and regeneration of 

potato plants. The composition of MS medium has been presented in Appendix I. 

Similar compositions together with concentration of different salt were followed to 

prepare the medium for the present experiment. Moreover, different plant growth 

regulators were added separately to the different media according to the treatment 

combinations. Stock solutions were prepared and stored in the refrigerator at 4±1°C. 

The respective medium was prepared from the stock solutions. The detail procedures 

ol' preparation of n'iedia have been furnished bellow. 

3.2 Methods 

The following culture media were used for the present investigation, each for specific 

purpose. They were: 

I) 	For sprout germination: Fresh Murashige and Skoog (MS) (1962) medium. 

For callus initiation: MS medium was supplemented with NAA and RAP. 

For shoot initiation: MS medium was supplemented with RAP and GA.; 

For root initiation: MS medium was supplemented with IAA and GA3 

3.3 Preparation of the stock solutions 

'Ihe first step in the preparation of stock medium was the preparation of stock solution 

of the various constituents of the medium. As difl'ennt media constituents are 

required in different concentrations. separate stock solutions. for the macronutrients, 

mierol1utrients. Fe-F.DTA. vitamins, amino acids and growth regulators etc. were 

prepared separately for Just bethre use. 

3.3.1 Stock solution of Macronutrients (Soin. A) 

Stock solution of macronutrients was prepared up to 10 lokls (lOx) of the [ThaI 

strength ol'the medium in 1000 ml of distilled water (DW). 'l'en times o['the weight of 

salt required for I I. of medium were weighed aectirately and dissolved thoroughly in 

750 ml of distilled water and flnal volume was made tip to ol L by ftirther addition of 

distilled water. The stock solution was filtered through Whatmanu no. I liner paper to 

remove all the solid contaminants and solid particles like cellulose, dust, cotton etc. if 

any. The stock solution was poured in to a clean plastic container and stored in a 

refrigerator at 4± 1°C for instant use. 
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3.3.2 Stock solution of Micronutrients (Soin. B) 

Stock solution of micronutrients was made up to 100 folds ( lOOx) higher the strength 

of that required concentration of the medium in I L of distilled water as described 

earlier For the stock solution A The stock solution was tittered, labeled and stored in 

a refrigerator at 4,LI°C for instant use. 

3.3.2 Stock solution of Fe-EDTA (SoIn. C) 

It was made up to IOU folds (bOx) the final strength of the medium in I L of distilled 

water. I lere. two constituents FeSO4.7H20 and Na2-1ilYFA were dissolved in 750 ml 

of distilled ater in a conical flask by heating on heater cutu magnetic stirrer until 

salts dissolved completely. Then the volume was made up to 1 I. by further addition 

of distilled water. Finally the stock solution was filtered, labeled and stored by 

wrapping with aluminum foils in a refrigerator at 4±1°C for later use. 

3.3.3 Stock solution of vitamins and amino acids (Soin. U) 

The following vitamins and amino acids were used in the present investigation for the 

preparation of MS medium: 

Pyridoxine HCL (Vitamin B) 

Thiamine l-IC'L (Vitamin 132) 

Myoinositol (lnositol) 

(ilysine 

Nicotinic acid (Vitamin 133) 

Each or the vitamins and amino acids except niyoinositol were taken at 100 folds 

(1 OOx) of their flnal strength in measuring cylinder and dissolved in 400 ml of 

distilled water. The final volume was made up to 1000 nil by further addition of 

distilled water. Finally the stock solution was filtered and stored by wrapping with 

aluminum foils in a refrigerator at 4+1°C for later use. Rut the myoinositol was made 

up separately 100 folds (LOOx) the final strength of the medium in 1000 ml of distilled 

water. This stock solution was also filtered, labeled and stored in a refrigerator at 

4± 1°C for instant use. 
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3.3.4 Stock solution of growth regulators (Soin. E) 

In addition to the nuLrients. it is generally necessary to add growth regulators 

(hormones) such as auxin and cytokinin to the medium to support growth of tissues 

and organs. Separate stock solutions of hormones were prepared by dissolving the 

desired quantity of ingredients to the appropriate solvent and made the final volume 

with distilled water. The following growth regulators were used in the present 

investigation. 

Auxin: a-naphthalene acetic acid (NAi) & Indole acetic acid (IAA) 

Cytokinin: 6-beuzyle amino purine (BAP) 

The honnones were dissolved in proper solvent as shown against them 

Plant growth regulators (solute) 	Solvent 

NAA 	 GIN NaOH 

[IAA 	 O.IN NaOl-1 	 1 
I3AP 	 O.INNaOI-I 

GA3 
	 GIN NaOH 

To prepare the stock solutions of any of these hormones. to mg of hormone was 

placed in a small beaker and dissolved in I ml of respective solvent for that hormone. 

Finally the volume of the hormone solution was made LOG ml by adding distilled 

water using a measuring cylinder.'the preparnd hormone solution was labeled and 

stored in a refrigeratorat 4WC and used for a maximum period of two month. 



3.4 Step follond for the preparation of MS medium 

To prepare one litre of the MS medium. the following steps were followed: 

100 ml of macronutrients. 10 ml of Fe-LiDAT. 10 ml of vitamins and 10 ml 

of myotnosutol were taken from each of these stock solutions in to a 2-Itre 

beaker on a hot plate magnetic stirrer. 

Five hundred ml of distilled water was added into the beaker. 

Ill. 	lhirty grain of sucrose was added to this solution and gently agitated to 

dissolve completely. 

Different concentrations of hormonal supplements as required were added 

to this solution and were mixed were thoroughly. 

Since each of hormonal stock solution contained tO mg of the chemical in 

100 nil of the solution, to make II. of medium addition of tO ml of stocks of 

any of the given hormones should result in I mg/I concentration of the 

hormonal supplement. Similarly, addition 0.5. I. 2. 3. 4. 5, 6, 7. 8 ml of 

specific hormonal stock solution resulted into 0.05. 0.1. 0.2, 0.3. 0.4, 0.5. 

0.6, 0.7, 0.8 mg/I of the specific hormonal supplement. 

The whole mixture was then taken into one litre of measuring cylinder to 

make the exact volume with the further addition of distilled water and 

poured back to a one litre conical flask and mixed well with the help of 

magnetic stirrer. 

The pH of the medium was adjusted to 5.8 by p11 meter with the help of 

0. IN NaOH or 0.1 N HO. whichever was necessary. 

To solidify the medium 8gm/I agar was added to the solution. The mixture 

was then heated in an electric heater cuni stirrer with continuous stirring till 

complete dissolution of agar. 

Required volume of hot medium was dispensed into culture vessels or test 

tubes. Alier dispensing the medium the test tubes were covered with 

aluminum foil and marked with dillercnt codes by the help of glass marker 

to indicate specific hormonal supplement. 
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3.5 Sterilization 

3.5.1 Sterilization of culture media 

l'he culture tube containing media was sterilized in an autoclave at temperature of'  

121°C for 20 minutes at I 5psi pressure. The medium was then cooled at room 

temperature before use. Marking is also necessary. 

3.5.2 Sterilization of glassware and instruments 

Glassware. culture vessel, beakers. pipettes. plastic caps. other instruments such as 

lbrceps. scalpels, needles. spatulas, were wrapped in aluminum foil and sterilized in 

an autoclave at temperature of 121°C for 20 minutes at l5psi pressure. 

3.5.3 Sterilization of culture media and transfer area 

Initially, the culture room was cleaned by gentle washing all floors and walls with 

detergent. This was followed by carefully wiped them with 70% ethyl alcohol. The 

process of sterilization of culture rooni was repeated at regular intervals. Laminar 

Airflow Cabinet was usually sterilized by switching on UV light of the cabinet br 

30 minutes and wiping the working surface with 70% ethyl alcohol. 30 minutes 

before starting the transfer work. 

3.5.4 Precautions to ensure aseptic condition 

All inoculation and aseptic manipulations were performed out laminar airliow 

cabinet. The cabinet was usually switched on half an hour before use with 

ultraviolet light (UV) and wiped with 70 % ethyl alcohol to reduce the chance of 

contamination. [he instruments like scalpels. forceps, needles etc. were pre 

sterilized by autoelav lug and subsequent stcrili,ation was done by dipping on 70% 

ethyl alcohol followed by Ilaming and cooling method inside the laminar airflow 

cabinet while not in use , the instruments were kept inside the laminar airflow 

cabinet. I-lands were also sterilized by wiping with 700/0  ethyl alcohol. Other 

material like distilled water, glass plate. Petri dishes etc. were sterilized in an 

autoclave following method of media sterilization. The neck of culture vessels or 

test tubes Ilamed before closing it with the cap. Aseptic conditions were followed 

during each and every operation to avoid the contamination oI'cultures. 
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3.5.5 Preparation of microplants 

The surface sterilization of the sprouts of Solanum tuherosurn L. was carried out 

under laminar airflow cabinet. For surface sterilization, sprouts were first sterilized 

with 70% (vlv) ethanol for few seconds. After sterilization, the sprouts were surface 

sterilized by immersing in 0.1% HgCl2  solution for 15 minutes and then washed 

several times with sterilized distilled water. The surfaced sterilized sprouts were 

then kept under sterilized water, which were ready for placement in to the medium. 

3.6 Culture method 

The following culture methods were employed in the present investigation- 

I. Explant culture. H. Subculture and 111. Transfer. 

- 	3.6.1 Explant culture 

CJ 	3.6.1.1 Preparation of explants 

Under aseptic condition, one month old microplants (4 to 5 cm in height) (Plate-I) 

were taken out from test tubes and placed on a sterilized tile. Leaf and stem 

' 	segments were cut aseptically into small pieces with the help of sharp aseptic knife 

i.fand the small segments of stem were used as explant. 

4 

/7.  
Si- 

a 

Plate 1. Preparation of micro plant originated froni tuber sprouts of potato on 
MS mcdium at 30 days alter inoculation. 
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3.6.1.2 PreparatiOn of culture 

The explants were prepared careWlly tinder aseptic condition inside the laminar 

airflow cabinet. Three to five segment of explants were directly inoculated into each 

test tube containing JO ml of MS medium supplemented with different callus 

induction hornional combinations ot'NAA and BAP. 

3.6.1.3 Culture incubation condition 

The expalnt were transferred aseptically to the test tubes containing MS medium 

with 3% sucrose. The prepared cultures were kept in a growth/culture room on the 

shelves. All the cultures were kept at 25+2°C illuminated with I .S3m fluorescent 

tubes (4.33 (1 C 84 TDEL/Phillips). These tubes gaves broad spectrum of light. 

especially the red wave length. The culwre room was illuminated 16 Ii daily with a 

light intensity of 1500 Itix. 

3.6.1.4 Maintenance of callus 

Callus initiation started after 10-14 days of explant incubation. The development of 

calli was maintained at 16 Ii photoperiod at 25*2°C. After ibur weeks of culture, 

callus tissues were sub cultured at 21 days interval and finally transferred into the 

shoot induction media. Plantlets developed from calli in this medium after 14 to 21 

days. 

3.7 Subculture 

3.7.1 Subculture of the callus for shoot regeneration 

Four weeks after incubation of explants! the calli attained convenient size. [hey 

were then remove aseptically from the test tubes on a sterilized glass vials inside the 

laminar airflow cabinet and were placed again on freshly prepared sterilized 

mediuni containing appropriate hormonal supplements of CiA3  with lixed 

concentrations of BAP and GA3  for shoot initiation. The suheulturing media used in 

this present investigation were: MS media containing different combinations of 

BAP (1.0mg/I) and GA3 (0.0. 0.05. 0.1. 0.2. 0.4mg/I). the sub cultured test tubes 

were then incubated at 22±2°C with 16 Ii photoperiod. After shoot induction more 

light intensity was given for shoot elongation. [he test tubes showing sign on 

contamination were discarded. Repeated subculture was attended at an interval of 
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21 days while incubated tinder the same temperature. The observations were noted 

regularly. 

3.7.2 Subculture of the regenerated shoot for root induction 

The subculture ealli contained proliferated and differentiated shoots. When these 

shoots grew about 34 cm in length, rescued aseptically from the test tubes. 

separated from each other and again cultured on another culture vessels with freshly 

prepared root induction medium (IAA itli GA3) to induce root. The culture vessels 

containing plantlets were incubated under continuous light. Day to day intended 

observations were recorded in response. 

3.8 Transfer of plantlets to In J/ivo condition 

When the plantlets attained 60 days old with well developed shoots and roots. 

removed from culture vessels with the help of line forceps. Attached medium to 

roots were gently washed out with running tap water. Then the plantlets were kept 

into the potting mixture containing garden soil and cowdung in the ratio of 1:2:1 

Transplantation of the plantlets was done in the afternoon. lmniediately after 

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

plantlets along with plastic trays were covered with transparent polythene bags to 

prevent desiccation. To reduce sudden shock. the trays were kept in the controlled 

laboratory environment arid irrigated regularly at an interval oF 2 days. The plantlets 

%sere established within 5 to 7 days and then polythene bags were removed. Finally, 

the plantlets appeared to self-sustainable and then transfer to soil in open 

cliv i ronment 

3.9 F.xperiniental design 

l'he experiments were laid in Completely Randomized Design ((77RD) with three 

replications. 

3.10 Collection of Data 

3.10.1 In Vitro callus initiation and proliferation from stem segment using NAA 

and RAP at different concentration and combination 

To investigate the effect of difirent level of hormones (NAA and BAP) 

treatments on callus initiation from stern segments of three potato varieties, the 

following parameters were recorded. 
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Number of days required for callus initiation 

Generally callus initiation started after few days of explants incubation. The 

mean value of the data provided the days required for callus initiation. 

Percentage of callus initiation 

The percentage of callus initiation was noted after 28 days of inoculation by 

using the Ibllowing formula: 

Percent callus initiation 	

Number of explants induced calli 
X 100 

No of explants inoculated 

Weight of callus 

callus weights in grams ((,I) 
were recorded at 20, 40 and 60 days after 

inoculation (DAI) of explants with the help of electrical balance in the laminar 

flow with proper precaution. 

3.10.2 Effect of different concentration of BAP+GA3  on In Vitro shoots 

induction of three potato varieties. 

To investigate the effect of different treatment of this experiment, the following 

parameters were recorded. 

Number of days required for shoot induction 

Shoot induction started after 14 to 28 days of incubation of explants. [he mean 

value of the data provided the days required for shoot induction. 

Number of Shoot 

The number of shoot proliferated was recorded at 20. 40 and 60 days after 

inoculaiioü(DAl) and the mean value of the data provided the number of shoot. 

The mean value was calculated using the following formula: 

x =IX/n 

Where. 

X = Mean of shoot/explant 

= Summation 

Number of shoots/explant 

n 	Number of observations 
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C. Shoot length 

The length of shoots proliferated was recorded at 20. 40 and 60 days after 

inoculation (DAt). The mean value of the data provided the shoot length 

U. Number of leaves per plantlet 

Number of leaves per plantlet was recorded at 20. 40 and 60 days after 

inoculation (DAl) of explants inoculation. The mean value of the data provided 

the number of leaves per plantlet. 

3.10.3 Effect of different concentration of IAA+6A3  on In Vitro root formation 

and plant regeneration of three potato varieties. 	 a 
[0 investigate the etThei of lAArGA at various concentrations in different 

varieties for root formation of aseptic plants, data were recorded for the 	
I— 

lotlowing parameters:- 

Number of days required for root formation 

Root formation was initiated within one week. The mean value of the data 

provided the days required for root formation. 

Number of roots per plantlet 

Number of roots per plantlet was recorded at 20. 40 and 60 days after 

inoculation (DAI) of explants inoculation. The mean value of the data provided 

the number of roots per plantlet. 

length of roots 

Length of root in cm was recorded at 20.40 and 60 days after inoculation (DAt) 

of explants inoculation. The mean value of the data provided the length of roots. 

3.10.4 Transfer of plantlets from culture vessels on soil 

During the ex vi/ro acclimatization and the establishment of the previousb 

regenerated and sub-cultured plantlets in to the soil, data were collected for the 

fol lowing parameter. 
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A. Per cent of plantlet establishment 

The percentages of established plants were calculated based on the number of 

plants placed in the cubicles and the number of plants finally established or 

survived. 

The percentages of plantlets established were calculated by using the following 

fhnnula: 

Number of established plantlets 

Per cent of plantlet establishment 	
X 100 

Total number of plantlets 

3.11 Statistical analysis of data 

The data for the characters tinder present study were statistically analyzed 

where applicable. The experiment was conducted in growth chamber and arranged in 

Completely Randomized Design (CR!)). The analyses of variances for diflèrent 

characters were perlormed and means were compared by the Duncan's Multiple 

Range Test (DMRT). 
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CII APTER IV 

RESULTS AND DISCUSSION 

Studies were conducted with three cultivated potato varieties Diamant. Cardinal and 

Granola to examine the effect of NAA. I3AP. IAA and GM on plant regeneration 

(sprout germination. callus initiation, shoot initiation, root initiation) using stern 

segment as explants. The results obtained from these studies have been presented and 

discussed separately under the title given below: 

4.1 In Vitro callus initiation and proliferation from shoot tips of three potato 

varieties with the supplementation of different concentrations of NAA and BAI' 

'l'hree potato varieties Diamant. Cardinal and Granola were cultured on MS media 

supplemented with di(Thrent concentrations of NAA and BAt'. The etlèct of NAA and 

HAP br callus initiation and proliferation are presented in Tables I - 3 and Plate 2 -7. 

4.1.1 Number of days required for callus initiation 

The results of major eftect of varieties on the number of days required for callus 

initiation have been presented in Table I. The number of days required for callus 

initiation varied significantlN among the three varieties. The maximuni number of 

days required tbr callus initiation was recorded in Granola (9.167 days) where as the 

minhlnun) number of days required for callus initiation was noticed in Cardinal (8.600 

days) and it was also found that there was no significant difference between the 

varieties Diamant (8.750 days) and Cardinal ($600 days). 

There was signilicztnt influence of different hormone combinations and concentrations 

of NAA and HAP on the number of days required for callus initiation (Table-2). The 

minimum days (5.444 days) required for callus initiation was observed on MS media 

with 3.0 mg/I NAA and 1.0 mg/I HAl'. The maximum days (16.69 days) were 

observed for callus initiation on Fresh MS media but from that callus no explants was 

found. So it was observed that MS media with 1.0 mg/I NAA and 0.25 ma/l BAt' 

required maximuni days (7.111 days) For callus initiation (Table 2). 
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Ihe potato varieties and different levels of hormones showed significant interaction in 

relation to the number of days required for callus initiation. Ihe maximum days 

(18.33 days) required for callus initiation was noticed on fresh MS media in cv. 

Granola (Table-3). Among the treatments maximum days (7.333 days) required for 

callus initiation was noticed at 1.0 rn&ill NAA and 0.25 mg/I BAA' in cv. Diamant. The 

minimum number of days required tbr callus initiation was observed in variety 

Granola (5.333 days) with 3.0 mg/I NAA and 1.0 mg.11 l3AI' (Table 3). 

Table 1: Effect of different varictieson callus initiation and proliferation at 

different days after inoculation 

I)ays required 
	

Fresh weight of callus 

H Diamant 

Va rich 
	

for callus 	
20 DAI 	40 DAI 

	

8.750h 
	

0.225b_____ 0.925ab 

	

8.600b 
	

0.208h 	0.858b Cardinal 

	

"Granola I 9.167a - 0.329a 	0.991a 

In column. /Igure with saint' letter(s) do no, difjèr sign ificand' at 

sigmjlcance according to DAIRT 

60 DAI 

l.642b 

l.500e 

l.742a____ 

5% level of 

Table 2: Effect of plant growth regulators (NAA and BAP) on callus initiation 

and proliferation at different days alter inoculation 

Hormone 	 Days required 	Fresh weight of callus (g) 

for callus  
initiation 	 T-- 20 DAI 	40 DAI60 DAI 

Fresh MS media 	 1&69a 	J 0.000d 	O.000d 	0.000d 

1.0 NAA + 0.25 RAP 	7.11 lb 	0.244c 	0.91 Ic 	1.81 Ic 

2.0 NAA ±0.5 I3AP 	6.11 Ic 	0.31 lb 	l.IOOb 	2.189b 

±00 NAA ± 1.0 BAP 	5.444d 	0.46Ia 	- 1.689 a 	2.5! Ia 

In colunni. figure with saint' letter(s) do not differ significantly (It 5% level of 

significance according to D:\  IRT 
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Table 3: Combined effect of different varieties and plant growth regulators 

(NAA and BAP) on callus initiation and proliferation at different days 

after inoculation 

Variety I 	Hormone 

Fresh MS media 

1.0 NAA + 0.25 BAP 
Dianrnnt - 

2.0 NAA + 0.5 RAP 

3.00 NAA ± 1.0 RAP 

Fresh MS media 

.0 NAA 0.25 RAP 
Cardinal 

2.0 NAA . 0.5 BAt'  

-J I)ays required 	Fresh Weight of callus (g) 

for callus -- 
autiafion 	

DAlIT40 	DAT 

15.33c 	0.000e 	o.000ij 0.000g 

J _±' I qpods33W7o7(4 

6333e1 	0.300hcI 1.233c11222E 
6. 0 0 0 Ig 	0.400h 	1 .o33h 1 2.600a 

0.000e i 0.0001 

_L,3f I 
0.233cd 	0.900de I 2.000dJ 

l6.40b 

7.000de 

S 

3.00 NAA I.OBAP 	5.00011 	1 0.400b11.633b12.367b 

1jjesh MS media 	[ 	
lSSJa 	0.000c I 0.0001 I0.000gI 

'ONAA 0.25BAP  

IILI 	

e 	0_.3_3_3b  H .0 00d  
 

4± 33d 
Granola 

I0NAA 	
0b1167c 

3.00N\ 1.OBAP 	5333gh 

 

L.j.583a1.800a  1.±7L 

hi column, figure till/i scime leslei(s) clv not differ sign ificanily ci 5% level qf 

sign/ficcince according to DAIRT 

4.1.2 Weight of callus 

There was significant difference in callus weight among the varieties at 20. 40 and 60 

DAI. The maximum weight ot' callus was observed in cv. Granola (0.3292. 0.9917 

and 1.742 gal 20. 40 and 60 (MI respectively) whereas the minimum weight of callus 

was recorded in variety Cardinal (0.208. 0.858 and 1.500 g at 20. 40 and 60 DAt 

respectively) (Table I). 
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The weight of callus was observed to be increased significantly due to the increased 

level of hormones. llie maximum weight of callus (0.461. 1.689 and 2.511 gal 20. 40 

and 60 DAt respectively) was recorded at 3.0 mg/I NAA and 1.0 mg/I MI'. On the 

other hand, 1.0 mg/I NAA and 0.25 mg/I 13AP produced the minimum weight of 

callus (0.244. 0.911 and 1.811 g at 20. 40 and 60 DAI respectively) (Table 2). This 

result is similar with Gynheung ci at (1986) and partially agrees the result of Ficgert 

ci at 
(2000). But the results of Kollist c/ at (1994) do not agree with this result. I Ic 

Ibtind that low concentrations of auxin and high concentrations of cytokinin were 

effective for callus Formation. 

There was significant interaction effect between the varieties and honnone 

concentrations on callus weight at 20. 40 and 60 DAt. The highest weight of callus 

(0.583. 1.800 and 2.567 gat 20.40 and 60 DAI) was recorded in cv. Granola on MS 

media supplemented with 3.0 mg/I NAA and 1.0 mg/I RAP and the lowest was (0.2. 

0.833 and 1.633 g at 20. 40 and 60 DAI) found in variety Diamant with 1.0 mg/I NAA 

and .025 mg/I BAP (Table 3). Fomenko ci at (1998) also showcd that different 

genotypes reacted differently to the groih regtilators in tes of callus formation. 	
I 
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Plate 2. Callus induction of cv. Diamant at 40 DAI on MS media supplemented 
with 3.0 mg/I NAA and 1.0 mg/I RAP 

I 

Plate 3. Callus induction of cv. Diamant at 60 DAI on MS media supplemented 
with 3.0 mg/I NAA and 1.0 mg/I RAP 
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Plate 4. Callus induction of cv. Cardinal at 40 DA! on MS media supplemented 
with 3.0 mg/i NAA and 1.0 mg/I BAP 

Plate 5. Callus induction of cs. Cardinal at 60 DAI on MS media supplemented 
with 3.0 mg/I NAA and 1.0 mg/I BA? 
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Plate 6. Callus induction of cv. Granulla at 40 DAI on MS media supplemented 
with 3.0 mg/I NAA and 1.0 mg/I BAP 

Plate 7. Callus induction of cv. Granulla at 60 DAI on MS media supplemented 
with 3.0 mg/I NAA and 1.0 mg/I 
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4.2. in Vitro shoot induction with the supplementation of SAP and CA3  at 

different concentrations 

For shoot induction three potato varieties Diamant. Cardinal and Granola were 

cultured on shoot induction media containing different concentrations of RAP and 

GA1. The results have been presented in Fables 4-6 and Plate 8-13. 

4.2.1 Number of days required for shoot induction 

Potato varieties differed significantly in the number of days required for their shoot 

induction. The maximum number of days required for their shoot induction was 

observed in variety Granola (16.33 days) where as the minimum number of days 

required for shoot induction was recorded in variety Cardinal (14.33 days) (Table 4). 

Ao and Vu (1991) observed the varietal differences of shoot regeneration in potato. 

l-Iamdi ci uL (1998) also reported the similar results. 

There was also significant influence of different concentrations of BAP and GA; on 

the number of days required for shoot induction. The maximum number of days 

required for shoot induction was recorded on fresh MS media (17.63 days) and 1.0 

mg/I HAP and 0.1 mg/I GA required minimum number of days (13.11 days) for shoot 

induction (Table 5). 

The combined effect of varieties and hormone combinations on the number of days 

required for shoot induction has been presented in the Table 6. I lere the maximum 

number of days required for shoot induction was round in variety Granola (18.67 

days) on fresh MS media and the minimum number of days required for shoot 

induction in variety Cardinal (11.33 days) with 1.0 mg/I HAl' and 0.1 mg/I GA3. 
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Table 4: Effect of different varieties on shoot induction at different days 

Variety 	Days required for I 	Number of shoot / Callus 

shoot induction 	20 DAt 	40 I)AI 	- 60 DA1 

Diarnant 	 15.26b 	1.283a 	1.61 Ia 	L 2.056a  

Cardinal 	I 	14.33e 	 0.888c 	H I.172b 	1.500b 

Granola___ 	16.33a 	 l.IIIb 	1.66 	256a 

In column. figure with smile letter(s) (/0 not differ sign Icantly at 5% level of 

sign iJicance accordhiig to DMRT 

1'able 5: Effect of different concentrations of I3AP and GA3 on shoot induction at 

rM 

different days 

Days required 

for shoot 

	

Hormone 	induction 

	

Fresh MS media 	 17.63a 

Number of shoot/ Callus 

20 DAI 	40 DA! 	60 DAt 

0.555d 	0.777c 	t.Illd 

1.0 BAP +0.0 GA3 	15.33c 	1.11 Ihc 	1.556b 	I.889e 

1.0 BAP ± 0.05 (IA3 	14.22d 	1.344ab 	1.778a 	2.222b 

1.0 I3AP+0.I GA1 	13.1 Ic 	1.556a 	1.889a 	2.667a 

1.0 BAP + 0.2 GA 	16.78b 	I .000c 	I .444b 	I .667c 

- IA) BAP + 0.4 GAj_ 	I 5.78c 	I .000e 	I .444b 	I .667e 

In column. figure wit/i same letter(s) do no! differ sigiiifIcan!/.v ci 5% level of 

signficancc according to DMRT 
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Table 6: Combined effect of different varieties and different concentrations of 

BA!' and GA3 on shoot induction at different days 

Days required 	Number of shoot / Callus 

- forshoot 

L" 	
Hormone 	 induction 	20 DAI 	40 ThU 60 DAI 

dta 	17.ljb 	0.666cd 
Fresh Xj ~J'Zmc 0.666e 	1.000 	i 

I

Q

M

flAP OGA 16.00d 

S 

j 

	

6 .00d_ 

 

JH333ab \l.6673bcLl0 

BAP 

	

BA' OJGAi 	 67
L90OaDiamant 	

J:J 

	

tO-0.2 GA3 	17.67bc 	000hc I333ed 

	
667d 

 

e  

15 67dc 
_ 	

0f 
S media 	I6.84e 	0.3333dJ67C 	I .00 

6

) 

	

GA3 	
14.00g 	 c 	

92 

	

!BAP+OA5GA 	13.0Db 	JMoo 	3 	6 

i

1

J 
Cardinal 

 I 

	

1.0 HAP 0.1 GA3 	j3LJ.333ahHJ23 	
2.000cd 

_ 	

tTh7de_ 	 loJ±3flef I 
1 	

n 
.0 HAP + 0.4 GA3 I 	i 6.00d 	I .000be 	I .367ed 	I .333ef 

[Fresh MS media 	I8.67a 	0.666ed 11.000dc [j33ef 

T _L6 	2mffled 

Granola . 
1.0 	 90 2_ ± 3 E_ 

3.00 J 

I L 	 M0BAP.2 G 	I &OOd 	 l000ah fiooH 

Th1 1_0.66 ed 1.300cd 1.667de 

In eolwnn. /Igurc with some letter(s) do not eli/kr sign/Icoitl.s' at 5% level of 

significance accw?!:ng to DMRT 

4.2.2 Number of shoots per callus 

the number of shoot developed per callus varied significantly among the three potato 

varieties at 20. 40 and 60 DAI. The highest number of shoot per callus was found in 

variety Granola (1.238. 1.661 and 2.056 shoots/calluS at 20. 40 and 60 DAt 

respectively) and the lowest number of shoot per callus was recorded in variety 
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Cardinal (0.889. 1.172 and 1.5 shoots/callus at 20.40 and 60 DAI respectively). there 

was no significant difference found for number (2.056 shoots/callus) of shoots per 

callus in varieties Granola and Dianiant at 60 l)U (Fable 4). 

The number of shoots per callus was significantly influenced at 20.40 and 60 DAI in 

different concentrations of flAP and GA3. It was observed that the highcst (1.556. 

1.889 and 2.667 shoots/callus at 20. 40 and 60 DAI respectively) number of shoots 

per callus was generated on MS media supplemented with 1.0 RAP mg/I and 0.1 mg/I 

GA3. The minimum number (0.556. 0.778 and 1.111 shoots/callus at 20. 40 and 60 

DAI respectively) oishoots per callus was noted in fresh MS media (Fable 5). 

The combined effect of varieties and different concentrations of hormones showed 

significant variation at different days on the number of shoots per callus. The highest 

number of shoots per callus (1.667. 2.000 and 3.000 shoots/callus at 20. 40 and 60 

DAI respectively) was recorded in variety Granola at 1.0 mg/I BAP and 0.1 mg/I C)A3 

and lowest number of shoot per callus (0.667. 0.667 and 1.000 shoots/callus at 20. 40 

and 60 DAI respectively) was generated in variety Diamant on fresh MS media (Table 

6). 

4.2.3 Shout length with the supplementation of RAP and GA3  at different 

concentrations 

For shoot length measurement three potato varieties Diamant. Cardinal and Granola 

were ctiltured on shoot induction media containing different concentrations of HAP 

and GA3. The results have been presented in Tables 7 —9 and Figures 14— IS. 

Table 7: Effect of different varieties on shoot length at different days 

	

Variety 	-- 	
Shoot length (cm) 

	

20DM 	40DM 	 60 DAI 

3.156a 

	

Diamant 	 2.367a 	- 	2.689a 

	

Lcdina1 	
2.139h 	2.383h 	 2.933b  

	

Granola 	-2.100b 	 2.450h 	 2.606c 

In colnnm, figure wi//i sone letter(s) do not (li//er .cign(Jicaiiily ci 5% level of 
significance according to DAIRT 



40 DAI 

0.755d 

2.467e 

2.77Kb 

3.81 Ia 

2.389e 	- 

2.844h 

60 l)A1 

l.378d 

2.556c 

)22h 

4.1 89a 

2.833b 

3.01 lb 

do not (liffer signIjicUllIlY at .5% level qf 

- 
a 

Three varieties showed signilicant differences in shoot length. The variety Diamant 

showed the highest shoot length (2.367, 2.689 and 2.956 cm at 20. 40 and 60 DAI 

respectively). There were 110 signiflcant differences of shoot length betseen varieties 

Cardinal (2.139 cm and 2.383 cm) and (Iranulla (2.200 em and 2.450 cm) at 20 and 

40 DAI but at 60 DAI varieties Cardinal and Granola showed signiticant diflërence in 

shoot length. Lowest shoot length (2.100. 2.450 and 2.606cm at 20. 40 and 60 DAI 

respectively) was recorded in variety Granulta (Table 7). 

TableS: Effect of different concentrations of BAt' and GA3  on shoot length at 

different clays 

Shoot 
tiorinotIC 

20 DAI 

Fresh MS media - 	0.488e 

19 BAP+0.OGA3 

1.0 HAl' + 0.05 (IA3  2.611 b 

1.0 HAP-f 0.1 GA3  3.2673 

1.0 HAP t 0.2 GA3  2.400c 

10uept 0.4 	; 2 .67 Sb 

In CO/lUll??. 	ligure with 5011w letter(s) 

s/g,lj/iCUflCe accordillg to DMRT 

Different concentrations of growth regulators showed signiticant differences in shoot 

length. Concentration 1.0 mg/I RAP and 0.1 mg/I GA3  along with MS media produced 

significantly the highest shoot length (3.267. 3.8 II and 4.189 cm at 20. 40 and 60 

tiM respectively) and lowest value (0.4889. 0.7556 and 1.378 cm at 20. 40 and 60 

DAI respectively ) recorded on fresh MS media (Tahle 8). Martel ci aL (1992) 

observed that both HAP and GA; are necessary for shoot formation occurred more 

rapidly with the higher concentration of HAP and GA3. 
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Table 9: Combined effect of different varieties and different concentrations of 

HAP and CA3 on shoot length at different clays 

	

-_____ 	 Shoot length  

	

I EVariety 	 Hormone 	 20 DAI 	40 DAI 	60l)AI 

Fresh MS media 	 0.6001 	1.0001 	1.5000- 

1.0 BAR 1 0.0 GA3 	2.1 OOIg 	2.600cde 	2.833d4 

	

Diamant 	IA) RAP + 0.05 GA; 	2.833bcd 	2.800cd 	2.90011e - 

- 	 1.0 I3AP+0.IGA3 	 3.833a 	4.432a 	4.667a 

1.0 I3AP+ 0.2 GA3 	2.367ef 	j 2.267e 	2.800de 

1.0 RAP 0.4 GA3 	-- 2.467de 	3.033c 	3.033d 

Fresh MS media 	- 0.5331 	0.6331 	I.633g 

- 	 LU I3AP0.0 GA3 	2.I6 	2.567de 	2300e 

	

Cardinal 	1.0 13A1' + 0.05 GA3 	2.500tde 	I 2.óOUcdc 	3.167d 

1.0 BA!' 0.1 GA3 	2.867hc 	3.500h 	4.200b 

1.0 RAP + 0.2 GA3 2.000g 	2.233 	2.900d_ 

1.0 I3AP + 0.4 GA3 	2.7U7bed 	2.767cd 	3.000de 

Fresh MS_media 	 0.3331 	0.633f I1.000h 

1.0 HAP 0.0 GA3 	1.63311 	2.233e 	2.l33f 

	

Granola 	1.0 BAR + 0.05 GA3 	2.500cde 	2.933cd 	3.000de 

1.0 RAP + 0.1 GA~-4 

	

3.100h _j3.500b 	3.700c 

1.0 BAR i 0.2 GA3 	2.833bcd 	I 2.667cde 	2. SOOde 

LU BA!' ~ 0.4 GA3_____ -__2.KOObcd 	2.733cd I 3.00pqe_ 

In column. figure wish swne leitcrtvj do not differ sign ificanil at 5% level of 

.c&nifIctuIee tsctorihiiig io I) till 

The combined effect of different varieties and different concentrations of BA? and 

GA; also showed signilicant differences. The longest shoot (3.833. 4.433 and 4.667 

cm at 20. 40 and 60 DAI respectively) was produced with the treatment concentration 

of 1.0 mg/I HAP and 0.1 mg/I GA3 supplemented with MS media with the variety 

Cardinal and the shortest (0.333. 0.633 and 1.000 cm at 20. 40 and 60 DAI 

respectively) shoot was produced on Fresh MS media with the variety Granola. 
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Plate 8. Shoot induction from cv. JMamant at 40 DAI on MS media supplemented 
with 1.0 mg/I RAP and 0.1 mg/I CA3. 

Plate 9. Shoot induction from cv. Diamant at 60 DAI on MS media supplemented 
with 1.0 mgIl RAP and 0.1 mg/I GA3 
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Plate 10. Shoot induction from cv. Cardinal at 40 DAI on MS media 
supplemented with 1.0 mg/) BAP and 0.1 mg/I GA3. 

Plate 11. Shoot induction from cv. Cardinal at 60 DAt on MS media 
supplemented with 1.0 mg/I BAP and 0.1 mg/! GA3. 
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Plate 12. Shoot induction from cv. Granola at 40 DAt on MS media 
supplemented with 1.0 mg/I RAP and 0.1 mg/I GA3. 

Plate 13. Shoot induction from cv. Granola at 60 DAI on MS media 
supplemented with 1.0 mgII BAP and 0.1 mg/I GA 
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4.3 Number of leaves per plantlet with the supplementation of RAP and GA3  at 

different concentrations 

lhrce potato varieties Dhimant. Cardinal and Granola were cultured on shoot 

induction media containing different concentrations of flAP and GA3  for leaf 

initiation. The results have been presented in Fables 10-12. 

Table 10: Effect of different varieties on Number of leaves per plantlet at 

different days  

Variety 	
- 	Number of leaves per  

20 DAI  	40 DAI 	 GODAI 

Diarnant 

Cardinal 

Granola 	!t*±: 
In column. /Igure nfl/I sonic leik'rLv do 1701 differ .cignficantIy at 5% level of 

sig?1i/W(fllCe occorcluig to DtIRT 

The significant effect of three potato varieties was found in respect of the number of 

leaves per plantlets at 20. 40 and 60 DAI. The maximum number of leaves per 

plantlet was showed in variety Cardinal (1.389. 2.000 and 2.568 leaves /plantlets at 20. 

40 and 60 DAI respectively) and the niinimum number of leaves per plantlet was 

found in variety Granola (1.444. 1.678 and 0.188 leaves/plantlets at 20. 40 and 60 

DAI respectively) (Fable ID). 

Table Ii: Effect of different concentrations of RAP and GA3  on number of leaves 

- 	per plantlet at different days 	 - 

Uorntone 	- _____ 	Nilaber of leaves per_plantlets 

I 

	

20 DAI 	I 	409A1 	 60DA1 

Fresh 	
05d 	H Ofl - 

Lso flAP 0.0 (iA 	I .444bc 	 I .889b 	 2.333be 

1.0 BA!' —0.05 G 	- 	I .556hc 	 I.889h - 	2.222e 

1.0 flAP _'0.1GA3 I 	l.889a 	 2.444a 	 2.778a 

RAP _0.2 GM I 	1 .667ah 	 2.444a 	 2.556ab 

.OBAP_b 0.4GA3  	1.333c 	[____ i9h 	 2.222c 

III column, fIgure with some lellert? do not gil//er sign fficanil•t at 5% level of 

sign ificonee accorcluig to 11%IRT 
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Different concentrations of HAl' and GA;on number of leave also statistically 

ditièrent at different days. 1hc highest number of leaves per plantlet (1.889. 2.444 and 

2.778 teaves/plantlet at 20, 40 and 60 DAI respectively) was produced with the 

concentration of 1.0 mg/I HAP and 0.1 mg/I GA3. Fresh MS media produced the 

lowest number of leaves per plantlet (0.556. 0.889 and 1.000 leaves/plantlet at 20. 40 

and 60 DAt respectivel)) (table II). 

i'able 12; Combined effect of different varieties and different concentrations of 

BAP and GA3  on Number of leaves per plantlets at different (lays 

F

e

F Number of leaves pe 

L±AP+ 0.0 GA; 

Diamant [jAl+o.o5cA3 

1.0 SAP 0.2 GM  

1.0 HAP 0.4 GA3 

Cardinal 1 1.0Ay±0.05GM 

1.0 RAP 0.1 GA3  

1.0 BAP - 0.2 GA3 

OrmOfle  201)A1 	40DAL 60DM 

-T 0.666d 1,000 1.000 
Fresh MS media  

31 2.333 1.333c 1.667 

7be 2.000 2.333 

1.9BAP+0.1GA3  

- 
2.000ab 	

I 
2.667 r7000 	- 

I.B3c ±3LL 
2.667 

1.333c 2.000 2.333 

-Fresh  0.666d 1.000 1.000 

1.3 33e 20 000 2.333  [jBAPF0.0C3  

I .667bc 2.000 2.333 

2.000ab 2.667 I 	3.000 

I.333c 2.333 2.667 

333c 

	

1000 

H 
LORAP+ (LOGA; I.667bc L2 .000  _ 

l.333c - 	1.667 

1.0H/'i9 Granola 

1.0 HAP 4- 0.1 GA3  be 2.000 

1.0 HAP -i- 0.2 GA3  2.333a 2.667 

1.0 BAP+0.4 GA3  1.333c 1.667 

In co/nun;, 	figurc it'll/i some letter(s) (/0 not differ significant/v cit 

sigtqficiiice according to DAlE T 
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2.333 

1.000 

2.333 

2.000 

2.333 

2.333 

2.000 

59/ level o 
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The combined effect of varieties and different concentrations of BAt' and GA3 on the 

Number of leaves per plantlet was statistically signilicant at 20 DAI but there was no 

signilicant difference at 40 and 60 DAt. At 20 DAI the highest numbers ol leaves per 

plantlet were recorded in variety Granola (2.333 leaves1  plantlet) at the concentration 

of 1.0 mg/I flAP and 0.2 mg/i GA3. The lowest number of leaves per plantlet was 

showed in every variety on fresh MS media at 20 DAI (Table 12). 

4.4 In Vitro root formation and proliferation from shoot tips of three potato 

varieties with the suppicinentatiOfi of different concentrations of IAA 
and GA3 	 I 

In Viiro plantlet production was promoted by media combination. For the healthy 

plantlet production three potato varieties Diamant Cardinal and Granola were 
	 S 

cultured on MS media supplemented with different concentrations of IAA and 0A3. 

The effect of IAA and GA3 for root formation and proliferation are presented in 
	 H 

Tables 13— 15 and Plate 14-16. 

4.4.1 Number of days required for Root formation 

The results of maior effect of varieties on the number of days required for root 

formation have been presented in Table 13. The number of days required for root 

formation varied significantly among the three varieties. The maximum number of 

days required for root formation was recorded in Granola (9.167 days) where as the 

minimum number of days required for root formation was noticed in Cardinal (17.83 

days) and it was also found that there was no significant difference was Ibund anrniig 

the varieties Diamant (16.89 days) and Cardinal (16.56 days) (Table 13). 

There was significant influence of diticrent hormone combinations and concentrations 

of lAi\ and GA3  on the number of days required for root formation. The minimum 

days (15.33 days) required for root formation was observed on MS media with 1.0 

mg/I IAA and 0.05 mg/I GA3. The maximum days (19.44 days) were observed for 

root formation on fresh MS media treatment. So it was observed that MS media with 

1.0 mg/I lAi\ and 0.1 or 0.2 mg/I GA3  requires maximum days (17.44 days) for root 

formation (Table 14). 

The potato varieties and ditThrent levels of hormones showed significant interaction in 

relation to the number of days required for root formation. The maximum days (21.00 

49 



days) required for root formation on fresh MS media in cv. Granola. Another two 

varieties (Cardinal and Diamant) showed the same result. Among the treatment 

maximum days (17.67 days) required for root formation at 1.0 mg/I IAA and 0.02 

mg/I GA3  in cv. Diamant. The minimum number of days required f
or root  formation 

was observed in variety Cardinal (14.33 days) with 1.0 mg/I IAA and 0.05 mg/I GA3 

(Table 15). 

Table 13: Effect of different varieties on root formation anti proliferation at 

different days after inoculation  

--- 
Variety 	Days required to 	 Number of roots per pIant lets  

I 	 root formation 	20 DAIj 	40 DAt 	60DM 

Diamanti 	16.89 b 	1.389 a 	1.651 b 	1.944 1, 

	

I 	1.833 h 
22 	1.55

k

Gran

Cardinal 6 h L 	 _ t6.'6 

ola II- S3a - 	 LJ28 	
2.111 a 

In column. figure will, saute letter(s) cia not differ signIIcantly or 5% level of 

sign ificonce according to (EIIRT 

Table 14: Effect of plant growth regulators IAA and GA3  on root formation and 

proliferation at different days after inoculation 

FHormone 	
Days required to j 	Number of roots p 

root formation 	20 DM 	40 (MI 

T 0b66dlThe 

H.OIAA + 0.0 GA3 	I 16.33c 

1.0 IAA + 0.05 GAi 	j 15.33d 

l7.44b 

1.0 IAA -'-0.2 

t 
I7.56h 

1.0 IAA + 0.4Gt\ - 16A4c 

Ii, column, figure with some letter(s) do 
sgnifica??Ce according to DMRT 

I— 

: 

l.333b 

I.778a 

I .SSbcd 

1.889ab 	2.444a 

60 DAI 

.333d 

L778c 

1.778a 	I 	2.11la 	2.444a 

L444bj1378bc4 iflIb 

1.000e I 1.444d j  1.667c 

not differ sign(ficantly at 5% level of 
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Table 15: Combined effect of different varieties and different concentrations of 

LAA and GA3  on root formation at different days 

I 	l)ays 	Number of roots per plantlets 

Varietyi - Hormone 
_jired_to 209A14J0 DAt 4ÔO DJ 

___ _ _ _ 

	

l0lAA-005(iAj 	b67f 	'OOOab 	'OOOb 	2667b 

l)ianiant 	 ___________________ _______ I  _________ 

9lAAi0.1 GAL  L1d!J 

I.OIAA 0.2 CiA1 	Lj7.67cQ_L I .óóThe - I.667be I 2.000cd 

01- .Lb6de L1 Mbóef j33J JJb72H 
Fresh MS media 	19.00h 	0.6667ef 	1.3339_j I.333e 

	

1.0 IAA ± 0.0 GA3 	I 	I7.00ef33 3Cd 	I .667bc 

Cardinal l.OIAA+0.OSGA3I 14.33g H.667bc4j6ThC 2.333hcfl 

	

Ho IAA0.I GA3 	17.00de 	1.333cd 	I.666bc H.667de 

	

L.OIAA+0.2 GA3  	16.67def 	1.333ed 	1.667bcj I.680Cd1 

	

LOIAA+0.4GA3 	1633ef HMOOde L333c 

Fresh MS media 	21 .00a 	0.33331 	0.6667d 	1 .333e 

1.0 IAA 	0 GM 	17.00de 	1.333cd1.667bfl 1.667UH 

Granola L!:°_IAA+0.05 GA3 	16.00cC 	L667 	2.000j 2.333bc 

	

1.0 IAA+0.1 GM 	I8.33bc 	2.333a I 2.667a 	3.333a 

	

l.OIAA 0.2 GA3 	I8.33bc 	I.333ed 	2.000b[ 2.333bc 

- JThAA+0.4 GA3  16.33efl I .333cdJj .667hc I .667de 

hi colwnn. figure with wine lester(s) /o no! differ sign(flcanhly at 5% level of 

significance according 10 I.)4tIRT 

4.4.2 Number of roots per plantlets 

ftc number of roots per plantlet was recorded auler 20. 40 and 60 days of culture. 

which differed significantly. Al 20 days of culture the variety Diarnant and Granulla 

produced maximum number of roots per plantlet (1.389 roots/plantlet) and variety 

Cardinal produced mininium number of roots per plantIct (1.222 roots/plantlets). With 
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the progress of time, the number of roots per plantlets increased gradually in all 

varieties and at 60 days of culture it also became maximum in variety Granola (2.111 

roots/plantlet). While the minimum number of roots per plantlets was found in the I 
variety Cardinal (1.833 roots/plantlet) at 60 days of culture. 

ftc main effect of different concentrations of NAA and GA3 on number roots per 

plantlet was significant. The highest number of roots (1.778. 2.111 	
and 2.444 

roots/plantlet at 20, 40 and 60 DAt) was produced with 1.0 mg/I IAA and 0.1 mg/I 

GA; Fresh MS media produced the lowesi number of roots per plantlet(O.667. 1.111 

and 1.333 rootsiplantlet at 20.40 and 60 DAt) (fable 14). This result partially similar 

to the results of Badawi ci al. (1996). 

The combined effect of variety and different concentrations of IAA and GA3 on the 

number of root per plantlet showed statistically significant result at 20. 40 and 60 

l)A1. At 60 days of culture, the highest number of roots per plantlet was noted in the 

variety Granulla (3.333 roots/plantlet) at the concentration of 1.0 IAA and 0.1 0A3. 

'[he 	
of roots per plantlet (0.333 roots/plantlet) was also recorded in the 

lowest number 

variety Granola on fresh MS media. 

4.4.3 Length of root (cm) 

in this study three potato varieties Diamant. Cardinal and Granola were cultured on 

shoot induction media containing different concentrations of IAA and GA3 for 

observing the length of root at 20. 40 and 60 days of culture. The results have been 

presented in 'Fables 16— IS. 

Table 16: Effect of different varieties on length of root at different days after 

inoculation 

Variety 	, 	 Lçflg1I.QL!Q2!a (cui) 1  
- - 	 ennsl 

Dianiant 

Granda 	_356h 

In Cohan??. fIgure 

4.233 a 	I 
67 

Hilh caine ldflens) do 

T4A72b 

5.033 a 

no/ tliier 

6.194 a 4_ 6.II_ 

5322h 

significantly at 5% level qf 

c/go ijicance according to D/tIRT 
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The influence of three potato varieties was signiticant in respect of length of root at 

20. 40 and 60 days of culture. The maximum length of root at 60 days of culture was 

recorded in the variety Diamant (6.194 cm) but there were no statistical difference 

with the variety Cardinal (6.117 cm). 
'the minimum root length was found in the 

variety (ranulla (5.322 cm) (Table 16). 

Table 17: Effect of plant growth regulators IAA and CA3 on length of roots at 

different days after inoculation 

hormone 
_

AI 
__ 

ITh 
Fresh A/S media 	 11.533e 	J 	1.789d 	 2.333e 

1 .0 1 A A 	Of.06~A 3 	3. 78d 

4.478c 	J 	5.522h 	- 	5.922d 

coiwn?? 	figure Willj sante letter(s) do not differ signIca'nh)' at 5% level of 

significance according to l)s II??' 

Length of root was recorded at 20, 40 and 60 days of culture. also differed 

significantly due to the main effect of different concentrations of 1AA and CiA
3. The 

maximum length of roots (8.044 clii) was recorded at the concentration of 1.0 mg/I 

IAA and 0.05 mg/I CIA3 at 60 days of culture whereas the minimum length Of root 

(2.333 cm) was produced on fresh MS media (Table 17). Sanavy ci at (2003) 

reported that low concentrations of auxin positively intluenced root length. 
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Table 18: Combined effect of different varieties and different concentrations of 

IAA and GA3 on length of root at different days 

- ------ 

a 

Variety I Hormone 

Fresh MS media i600g 

UAAtMc?L 
.oOe 5233bcde1' 

Lb2±tL ,\ -+ 0.05 GA 3  
Diarnant 

l.O IAA +0.1 (iA 5.I00h I 5.667bc 

LOLAA+0.2GA3 - &567ed 

Fresh MS media Hoig 	 - 

7.567b 

8.633a 

6.767cde 

6.0 00 fg 

6.200eIg 

1.0 IAA t 0.0 GA3 	4.233de 	5.833b 	 6.900cd 

('ardinal 	
1.0 IAA + 0.05 GA3 	I 5.900a 	6.833a 	 8.833a 

j GAi 	toThc 

1.0 MA 	0.2 GAi 	4.200de 	55.000def 	5.833ft 	_J 
4 

Fresh MS mediaI .633g 	- 2.00011 	 2.7671 	4 
1.0 IAA 	0.0 GA3 	j3AOOt' 	J4.000g 	- 	4.76711 	- 

Granola 	
I 6.667cdc1 

LOLL'A+ 01GE 	76Thc 	5A33bede - 6.400def 

I.OIAA 0.2 GA1 4000 

- 	I LO IAA +OAGA1 &500cd 	j5.73311 - 	767fg 	- 

hi column, figure with conic letter(s) do not differ .vig?1/iCO??tlY tit 5% level of 

sign(flcance according to DMRT 
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The results ol the present experiment showed that there was significant effect on root 

length due to the combined effect of varieties and different concentrations of IAA and 

GA3 at 20. 40 and 60 days of culture. The maximum root length (5.900, 6.833 and 

8.833 cm at 20, 40 and 60 DAI) was recorded in the variety Cardinal at the 

concentration of 1.0 mg/I IAA and 0.05 mg/I GA3. The minimum length of root 1.60. 

1.733 and 2.00 cm at 20, 40 and 60 days of culture respectively were found in the 

variety of Diamant on fresh MS media (Table 18). 

Plate 14. Regenerated plantlet from cv. l)iamant on MS media supplemented 

With 1.0 mgJI IAA and 0.05 mgII GA3  at 60 DAt. 

L 
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Plate 15. Regenerated plantlet from cv. Cardinal on MS media supplemented 
with 1.0 mg/I IAA and 0.05 mg/I CA3  at 60 DAt. 

'S 
S 

 

Plate 16. Regenerated plantict from cv. Granola on MS media supplemented 
withl.0 mg/I IAA and 0.05 mg/I GA3  at 60 DAT. 
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4.5 Lv vitro aceliniatization and establishment of plantlets on soil 

Aller sufficient shoot and root development at 60 days of culture, the small plantlets 

were taken out from the culture vessel carefully without damaging any roots•. Excess 

agar around the root was washed off by running tape water to prevent further 

microbial infection. The plantlets were then transplanted in small hole of the plastic 

tray filled with sterilized soil: sand: cowdung (1:2:1). immediately after 

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

along with plantlets were covered with transparent polythene to prevent desiccation 

and placed in to the plant growth chamber for proper hardening (Plate 17). The 

hi(ghest survival rate 80.0% round in cv. Diamant and lowest survival rate 66.66% 

found in cv. Granulla. But the variety cardinal does no show significant difference 
I— 

wi(h the variety Diamant. (Table 19). 

Table 19: Survival rate of In Vitro regenerated plants of three l)Otato varieties 

FAcclintatization 	Vane' 

Initially small Diamant 

hole of plastic
din

- 
Caral 

tray at growth i  

No. plants 	No. of plants $ Survival rate 

transplanted. 	survived 	(%) 

30 	 24 	1 	80.00 

30 	 23 	 76.66 

chamber 	 'Granola 	 30 	 20 	 66.66 

	

jsequen DSfl 24 	 23 95.83 

% rl1en moved to 	 -- - 
Cardinal 	 23 	I 	21 	 91.30 

soil in opcn1_ 

atmosphere 	Granola 	 20 	L 	75.00 

- 	
I 

After hardening the plantlets were transplanted to soil (Plate 18). 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. Diamant 

gave the highest survival rate 85.83% and lowest were 75.0% in cv. Granola and the 

variety ('ordinal does not show any significant dilkrenee with the variety Dianiant. 

(Fable 19). 
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Plate 18. In Viva establishment of regenerated plantlets in open atmosphere. 
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CHAPTER V 

SUMMARY AND CONCLUSION 

The present experiment was conducted in the tissue culture laboratory. Biotechnology 

Division. Sher-e-Bangla Agricultural University (SAU). Dhaka. dtiring the period 

from January. 2009 to December 2009 to regenerate potato plants Iron) stem segments 

of three potato varieties namely Diamant. Cardinal and Granulla. 

The effect of dilibrent concentration and combination of NAA and RAP were studied 

on callus initiation and proliferation of the varieties Diamant. Cardinal and Granola 

using stein segments as explants in this experiment. The restilts Of this experiment 

reveals that the number of days required for callus initiation and weight olcallus were 

significantly influenced by varieties and different concentration and combination of 

NAA and RAP. The maximum number of days required for callus initiation was 

recorded in Granola (9.167 days) where as the mininmnl number of days required for 

callus initiation was noticed in cardinal (8.600 days) and it was also found that there 

was no significant difkrence was found among the varieties Diamant (8.750 days) 

and Cardinal (8.600 days). Among the hormone supplementation or the treatments 

maximum days (7.333 days) required for callus initiation was noticed at 1.0 mg/I 

NAA and 0.25 mg/I RAP in cv. Diamant. The minimum number of days required for 

callus initiation was observed in variety Granola (5.333 days) with 3.0 mg/I NAA and 

1.0 mg/I BAP. 

The fresh weight of callus increased gradually with increasing DAt in all varieties. 

The maximum weight of callus was observed in cv. Granola (0.3292. 0.9917 and 

1.742 g at 20. 40 and 60 DAI respectively) whereas the minimtim weight of callus 

was recorded in variety Cardinal (0.208. 0.858 and 1.500 g at 20. 40 and 60 DA! 

respectively. Among the hormone supplementation the maximum weight of callus 

(0.461. 1.689 and 2.511 g at 20. 40 and 60 I)U respectively) was recorded at 3.0 mg/I 

NAA and 1.0 mg/I RAP. On the other hand. 1.0 mg/I NAA and 0.25 mg/I RAP 

produced the minimum weight of callus (0.244, 0.911 and 1.811 g at 20. 40 and 60 

DAt respectively. Fresh MS media without hormone did not induce survivable callus 

initiation. 
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In order to induce shoot regeneration. calli derived from stern segments of three 

potato varieties (Diamant. cardinal and Granola) were cultured on shoot induction 

medium containing HAP and GA3 at different concentrations and combinations. 

When varieties were taken under consideration. all the parameters are influenced. 

Granola required the maximum time (16.33 days) for shoot induction and cardinal 

required the minimum time (14.33 days) for shoot induction. In hormonal 

supplementation the maximum number of days (17.63) required for shoot induction 

without any hormone and the minimum number of days (13.11) for shoot induction in 

1.0 mg/I RAP and 0.1 mg/I CiA3  hormonal combination. In combination the maximum 

number of days required for shoot induction was Ibtind in variety Granola (18.67 

(lays) on Fresh MS media and the minimum number of days required for shoot 

induction in variety cardinal (11.33 days) with 1.0 mg/I HAl' and 0.1 mg/I GAS. 

In case of number of shoots per callus, the highest number of shoot per callus was 

Ibund in variety Granulla(L238. 1.661 and 2.056 shoots/callus at 20.40 and 60 DAI 

respectively) and the lowest number of shoot per callus was recorded in variety 

cardinal (0.889. 1.172 and 1.5 shootJeallus at 20. 40 and 60 DAI respectively). There 

was no signiticant difference Found for number (2.056 shoots/callus) of shoots per 

callus in varieties Granola and Dianiant at 60 DAI. In hormonal supplementation. the 

highest (1.556. 1.889 and 2.667 shoots/callus at 20. 40 and 60 DAI respectively) 

number of shoots per callus was generated in MS media supplemented with 1.0 HAP 

mg/I and 0.1 mg/I GA3  and minimum number 0.556. 0.778 and 1.111 shoots/callus at 

20. 40 and 60 DAI respectively) of shoots per callus was noted in the Fresh MS 

medias. In case of conibined effect of varieties and different concentrations of 

hormone it is showed that the highest number of shoots per callus (1.667. 2.000 and 

3.000 shoots/callus at 20. 40 and 60 DAI respectively) was recorded in variety 

Granulla at 1.0 mg/I RAP and 0.1 mg/I GA3 and lowest number of shoot per callus 

(0.667. 0.667 and 1.000 shoots/callus at 20. 40 and 60 DAI respectively) was 

generated in variety Diamant on Fresh MS media. 

In case of shoot length. highest shoot length (2.367. 2.689 and 2.956cm at 20.40 and 

60 DAI respectively) found in Diamant and lowest shoot length (2.100. 2.450 and 

2.606 cm at 20. 40 and 60 DAI respectively) was recorded in variety Granulla. 
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Among the treatments. 1.0 mg/I BAP and 0.1 mg/I CiA3  along with MS media 

produced the highest shoot length (3.267. 3.811 and 4.189cm at 20.40 and 60 DAI 

respectively) and lowest value (0.4889, 0.7556 and 1.378 cm at 20. 40 and 60 DAI 

respectively) recorded without any hormone in MS media. In combined CiTect of 

varieties and different concentration and combination of hormone. the longest shoot 

(3.833. 4.433 and 4.667 cm at 20. 40 and 60 DAI respectively) was produced with the 

treatment concentration of 1.0 mg/I BAP and 0.1mg/i GA3  supplemented with MS 

media with the variety cardinal and the shortest (0.333. 0.633 and 1.000 cm at 20. 40 

and 60 DAI respectively) shoot was produced on fresh MS media with the variety 

Granola. 

In case of number of leaves per plant. the maximum number of leaves per plantlet 

was showed in variety cardinal (1.389. 2.000 and 2.568 leaves/plantldts at 20.40 and 

60 DAI respectively) and the minimum number of leaves per plantlet was found in 

variety Granola (1.444. 1.678 and 0.198 leaves/plantlets at 20. 40 and 60 DAI 

respectively). In hormonal supplementation. highest number of leaves per plantlet 

(1.889. 2.444 and 2.778 leaves/plantlet at 20,40 and 60 DAI respectively) found with 

the concentration of 1.0 mg/I RAt' and 0.1 mg/I (iA3. Fresh MS media produced the 

lowest number of leaves per plantlet (0.556. 0.889 and 1.000 leaves/plantlet at 20. 40 

and 60 DAI respectively). In case of combined effect. Number of leaves per plantlet 

was statistically significant at 20 DAI but there was no significant diFference at 40 and 

60 DAI. At 20 DAI the highest numbers of leaves per plantlet were recorded in 

variety (iranulla (2.333 leaves/ plantlet) at the concentration of 1.0 mg/I BAP and 0.2 

mg/I (1A3. The lowest number of leaves per plantlet was showed in every variety on 

Fresh MS media at 20 DAI. 

In case of number of days required for root initiation. it was found that maximum 

number of days required for root formation was recorded in Granola (9.167 days) 

vhere as the minimum number of days required for root formation was noticed in 

cardinal (17.83 days). In hormonal supplementation, maximum days (17.67 days) 

required for root formation at 1.0 mg/I NAA and 0.02 mg/I GA3 in cv. Diamatit and 

minimum number of days required For callus initiation was observed in variety 

Granola (16.00 days) with 1.0 nuilI NA.A and 0.05 mg/I GA3. In combined effect, the 
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highest number of roots per plantlet was noted in the variety Granulla (3.333 

roots/plantlet) at the concentration of 1.0 IAA and 0.1 CiA3  and the lowest number of 

roots per plantlet (0.333 roots/plautlet) was also recorded in the variety Granulla on 

MS media without hormone. 

In case of root length. maximum length of root at 60 days of culture was recorded in 

the variety Diamant (6.194 cm) and minimum root length was found in the variety 

Granulla (5.322 cm). In hormonal supplementation. maximum length of roots (8.044 

cm) was recorded at the concentration of 1.0 mg/I IAA and 0.05 mg/I CiA; at 60 days 	
F 

of culture whereas the minimum length of root (2.333 cm) was produced on MS 

media without hormone. In combined effect, maximum root length (5.900. 6.833 and 

8.833 cm at 20. 40 and 60 DAI) was recorded in the variety Cardinal at the 

concentration of 1.0 mg/I IAA and 0.05 mg/I GA3  and the minimum length of root 

1.60. 1.733 and 2.00 cm at 20. 40 and 60 days of culture respectively was found in the 

variety of Diamant on fresh MS media. 

For acclimatization. plantlets were transplanted from culture media to soil in tray with 

small hole in the growth chamber, where percentage of survival was highest (80.0%) 

in cv. Diamant and minimum percentage of survival (66.66%) in Granulla. After 

transplanting the plantlets from small hole of tray to soil. 95.83% of in t'itm 

regenerated plantlets in cv. Diamant and 75.0% in cv. Granola survived in the external 

garden environment. In case of the variety Cardinal there is no significant diliërence 

found in survivability with the variety Dianiant. 

The results of the present investigation indicated that potato ctiltivars Diamant. 

Cardinal and Granola could be successfully micropropagated using 3.0 mg/I NAA and 

1.0 mg/I RAP for callus initiation and 1.0 mg/I BAP and 0.1 mg/I GA3  for successive 

shoot regeneration and combination of the concentration 1.0 IAA and 0.1 GA3  for 

rooting media. 

62 



WE TcEflS(UES 



REFERENCES 

Mn. Y.K.. Kim. I I.Y. Yoon .l.Y.. and Park. 11G. (2001). Plant regeneration from leaf 

protoplast of potato (,S'olanum zuberoswn I..). J. Korean Soc. Hart. Set. 

42(4):4 15-419. 

Ao. G.M. and Liu. RN. (1991). Plant regeneration from explants oiSolanwn tube rosuin 

L. ,lctt.,-.4 ?!nit'.-Peki., 17 (2) 43-47. 

Amezqueta. J. M.. Mingo, C. A. M.. and Tortosa. E. (1989). Meristernatic shoot tip 

culture and micropropagation in potato (Solanum tuberosum L.) cv. Kennebec 

and Jacrla. Int'es:. Agraria Prod:,. Vuge.. 4(I): 7-I 7 

Alphonse. M.. Badawi, M. A.. Eldeen, T. M. N.. and Elfar. M. M. (1998). Factors 

affecting regeneration ability of potato plants in vitro. EpL J. Hors., 25(l): 

129-144. 

Asma. It., Askari, B.. Abbasi. N. A.. Bhatti. FyI. and Quraishi. A. (2001). Effect of 

growth regulators on in vitro multiplication of potato. Jniernatwnal. .1. Agric. 

and B/a.. 3(2): 181-182. 

Ahloowalia. B.S. (1982). Plant regeneration from callus culture in potato. Euphylica. 

31: 755-759. 

BBS.(2008).Statistical Year Book of Bangladesh, Banutadesh Bureau of Statistics, 

Statistical Division. Ministry of Planning, Government of the Peoples Republic 

ol' Bangladesh. Dhaka. 

Badawi, MA., El-Sayed, S.F.. Edriss. N.H. and El-Barkouki, T.M. (1996). Factor 

affecting-production of potato plantlet from nodal cutting. Egjqn J. han:., 

22(2):1 17-125. 

Berliak, J.. Jelaska. S., Rapes. D. and Jurecic. R. (1985). Regeneration and genetic 

stability of adventious shoot in potato callus culture of Solan:e,;: iuhnvswn cv. 

Bin!jc Biol., 3(2): 181-182 



I 
Burton. W. G. (1969). Potato in: Encyclopedia Britannica, Volume 18. pp. 95-134. 

Benton. Chicago alibi. pp.  1197. 

Delanghe. E. and Debruijni. F. (1976). Continuous propagation of potato plants by 

means of callus culture. .1. Hon. .S'ci..4: 221-227. 

Djurdjina. R.. Milinkovic. M. and Milosevic, 1). (1997). In vitro propagation of 

potato (So/ovum suhe:vsiuu lj.). .4cIc; lion.. 426: 9593 

Carison. P.S. (1975). Crop improvement through techniques of plant cell and tissue 

cultures. 13k'!. Set. 25: 747-749. 

Dohranszki. J. Takacs. H.A. Magyar. T.K and Ferenczy. A. (1999). Eliect of the 

medium on the callus forming capacity of different potato genotyes. ticla:lgrolL 

Hung.. 47: 59-61. 

D'Amato. F. (1978). Chromosome number variation in cultured cells or regenerated 

plants. In: T. A. Thorpe (ed.). Frontiers. of Plant Tissue Culture .Canada. pp. 

2K7-295. 

Dodds. J.H. and Roberts. LW. (1990). Anther and pollen culture. In: Dodds. J. H. 

and Roberts. L. W. (eds.). Experiment, in Plant Tissue Culuret. Cambridge 

University. Press. New York. pp. 157-171. 

Dobrans7.ki. J.. Takacs, H. A., Magyar. T. K. and Ferenczy. A. (1999). Etiect of 

medium on the callus forming capacity of different potato genotypes. .laa 

Agron. J,'z,ng.. 47(1): 59-61. 

Fhsanpour. A.A. and Jones, M.G.R. (2000). Evaluation of direct shoot 

regeneration from stem explants of potato (solanum tuherosum L.) cv. 

Delaware by thidiazuron (TDZ). J. Sd. Tech. Agric..4: 47-54. 

Fsna-Ashari. M. and Villiers. T.A. (1998). Plant regeneration from tuber discs of 

potato (Sol(mum ntherosuin L.) using 6-benzy!aminopuri ne (BA P). Poiow 

Rex.. 4 1(4): 371-382. 

FAO. (nd). Potato. Retrieved December 20. (2008). from hup:f/www.poIato2008.Org  

64 



Fiegert. A.K. ix. W.G. and Vortop. K.D. (2000). Regeneration of Solanwa 

uthero.sum L. 'lornensa cv. Induction of somatic embryogenesis in liquid 

culture for the production of artificial seed. Land. Volke.. 50: 199-202. 

Feustel, l.C. (1987). Miscellaneous products from potatoes in Potato Processing. 4th 

Ed.. pp. 727-746. 

Foincn1o. I. L. Reshetnikov. V. N.., Malyush. M. K., Kondratskaya. I. P. and 

Chumakova. I. M. (1998). Conditions of development of callus tissues of 

potato in vitro. \estsi Akademii Navok Belarusi .Se riva Blala. Nov.. 4: 

97-105. 

Garcia. A. L.. Sarria. H. Z., Pichardo. M. Y. and Perez. M. B. (2001). Meriistern 

culture for the elimination of the virus S of the potato in plate cultivated in 

vitro. Blot. Vege. . 1(2): 117- 119. 

Gebre. E. and Sathyanarayana. B. N B. N. B. N. (2001). Tapioca a new and a 

cheaper alternative to agar for direct in vitro shoot regeneration and microtuber 

production from nodal culture of potato. 5th Triennial Cong. African I'otato 

Association. 6(l): I-S. 

Garcia, F. and Martinez. S. (1995). Somatic cmhryogenesis in Solomon 

titherospim L. cv. Desirec from stem nodal sections. I. Plant P1w.. 145(4): 

526-53 0. 

Gardner. F..J and Snustad, P. (1986) Genetiea. Rio the Generio: Otianahara. P.497. 

Gynheung. A.N., Watson. B.D. and Chiang, C.C. (1986). Transformation of 

tobacco, potato, tomato using a binary Ti vector System. Plant I'ltv. El: 301-

305. 

Hamrick. J.L. and Godt. Mi. (2000). Alloiymc diversity in plant species. In: Plant 

Population Genetics, IIrecding and Genetic Resources,. pp. 43-63. 

C 



it t a 

I laniidi. M. M.. Ceballos. E.. Ritter. E. and Galarreta. J. I. R. (1998). Evaluation of 

regeneration ability in Solwium lubemsuin L. Invest. .4gmriu Prod,,. Vege., 

13(1-2): 159-166 

Hansen. J. Nielsen. B.S.V. and Nielsen. S. (1999). In vitro shoot regeneration of 

So/oman tuherosuin eultivars interactions of medium composition and leaf: 

leaflet and explant position..! Nat. Sci. Found. Srilanka.,27: 17-28. 

Ilaverkort, A.J., Van, M. Waart. de and Marinus. J. (1991). Field perlorniance of 

potato micro tubers as propagation material. Potato !&ct. 34: 353-364. 

Ilangantileke s.c. Kadian, M.S., 1-lossain. M., Hossain, A.E.. Jayasinghe. U. and 

Mahnrnod. A. A. (2001) Toward alleviaiing poverty of rural potato farmers by 

strengthening the potato seed system in Bangladesh: A rapid rural appraisal. CI? 

Program Report. pp. 259-264. 

Jatinder. K.. l'annar. U.. Gill. R.. Sindhu. A. S. and Ciosal. S. S. (2000). Efficient 

method for micro propagation of potato through minituher production. 

Inc/ion. .1. P/ant Pliy., 5(2): 163-167. 

Jayasree, I.. Pavan, U.. Ramesh. M., Rao. A.N.. Reddy, K. J. Ni. and 

Sandanandani. A. (2001). Somatic embryogenesis from leaf cultures of 

potato. Plant ('cli / Org. ('tilt.. 64(1): 13-17. 

Kartha. K.K. (1976). Cryopreservation of secondary nietabolite producing plant cell 

cultures. In: F. Constable and I. K. Vasil (edsj. Cell Culture and Somatic Cell 

Genetics of Plants. Vol. 4: Cell Culture in Phytochemistry. Academic Press. 

Inc. San Diego. pp.  2 17-227. 

Khvilkovskaya. B. and Chwiikowska, 13. (1982). Callus formation and 

regeneration from explants of monohaploid (2r2x24) plants of So/anton 

suberosu,n. flit. (knc., 16(6): 49-55. 

Khatun.N. han. Islam. M.A., 1-luda. R.. Siddque. S., Rahman. M.A. and MulIah. M.0 

(2003). Callus induction and regeneration from nodal segment of potato cultivar 

Dianiant.J. Blot Set. 3: 1101-1106. 

66 



LI. Att .1 

Kollist. Y. Ii. and Tikk. F. (1994). Relationship of callus regeneration in potato 

the condition of induction. Resti Teacl.Aka. Thin;. Riot. 43 (1): 12-17. 

Kwiatkowski. S. and Brown. C.R. (1988). Zeatin enhanced shoot regeneration 

potato tissue cultures. L .417?. Potato.. 65(8): 487. 

Larkin. P.J. and Scowcrofl. W.R. (1982). Soniaclonal variation: a new option for 

plant improvement. In: Vasil. I. K.: W.R Scrowcroft and K.J. Fery. Plant 

Improvement and Somatic Cell Genetics. New York. pp.  158-178. 

Martel. A. and Garcia. F. (1992). /n vitro formation of adventitious shoots on 

discs of potato (Solanum tuherosuin L. cv. Sebago) tubers. Phyzon i3uen 

Ant's.. 53(l): 57-64. 

More. 0.. 1-lernarde. Z. M. M.. Nune. Z. M.. Eytevez. A. and Gonzalez. M. F. 

(2001). The use of two brassinosteroid analogues in the emhrvogenic callus 

formation of potato (Solarium tiiht'rosiiin F.). Culit Trop.. 22(4): 29-35. 

Murashige. 1. and Skoog. F. (1962). A revised medium for rapid growth and 

bioassays with tobacco tissue cultures. P/i3'. P/ant., 15: 473-497. 

Modarres. S. A. M. and Mocini. N.L J. (2003). Effect of different p1-I levels of 

medium ongrowth and rooting of single nodes resulted-from potato 

meristem culture. Plant Tissue Cu/i., 13(2): 151-154. 

Novak. F. J. (1980). Conditions for cultivation and differentiation of callus 

cultures of potato (Solanuni titherosuin). Rost. J'vm.. 26(9): 899-908. 

Omidi, M., Shahpiri. A. and Yada. R. V. (2003). Callus induction and plant 

regeneration in vitro in potato. Potatoes - Healthy Food for I lumanity: 

International l)evelopments in Breeding. Production. Protection and 

Utilization. A Proceeding of the XXVI International I lorticultural Congress. 

.4cta Hors.. 619: 315-322. 

67 



Pacheco. S. M.. Lozoya, S. II. and Colinas. L. M. T. (2003). Growth regulators 

and cold pretreatment on in vitro androgenesis of Solanum wpeialuni L. 

Agm. %/ont  37(3): 257-265. 

Pereya. S.M.. .Avila. A.D.L.. Pellossi. P. and Arguello. J.A. (1998). 

Micropropagation of potato cv. Spunta. Growth in relation to explant size and 

position in source plantlet. Pinion. Bun,. 1in's.. 61(1/2): 127-132. 

Padmanabhan, V.. Paddock. E.F. and Sharp. W.R. (1974). Plantlet Ibrmation front 

Solarwrn tuberosum L. leaf callus. (iinudkin. J. Do:., 52: 1429-1432. 

Pen, B. and Tiemann. II. (1987). Studies of shoot regeneration in dihaploid 

potatoes (Sokinurn tuberosun, L.). Kartof Ak/u., 3 1-39. 

Phillips Gregory C.. Ilubstenberger John F. (1998). Plant Regeneration By 

Organogenesis From Callus and Cell Suspension Cultures. Plan! Tlsszte/Org Cult. 

Funda. Afet/t. 37(3): 257-265. 

Rodriguez. F.. irulitlo. C.. Orduz. S.. iaramillo. R. Hojos and Arango. R. (2000). 

Standardization of an appropriate culture medium for the regeneration of leaf 

explants using two Colombian potato varieties (Solanuin iuberoswn I..). Rev!. 

Facut Not. Se Agron. Alede.. 5310:887-889. 

Rashid. M.M. (1999). lIangladesher Sabji.l' Edn. I3angla Academy. Dhaka. 

Bangladesh. pp. I 19-i 36. 

Razdan, M.K. and Cocking, E.C. (1981). Improvement of legumes by exposing 

extra specific genetic variations. Euphrxica..30: 8 19-833. 

Resende. R. 0. and Paiva. M. (1986). In vitro meristeni culture of potato (Solantun 

sitherosun, I..). Cleric/ac Prailca., 10(3): 241-251. 

Sanavy. S.A.M.M. and 	Moeini. M.J. (2003). Effect of dilterent hormone 

combinations and planting beds on growth of single nodes and plantlets 

resulted from potato meristeni culture. Plant Tissue Cult.. 13 (2): 145150. 

68 



Sacker. R. I-I. and Mustafa. 13. M. (2002). Regeneration and Agrobacterium - 

mediated genetic transformation of two indigenous potato varieties of 

Iangladesh. l'lani Ticsue Cult.. 12(1): 69-77. 

Sidikou, R. I). S., Sihaehakr. D.. Lavergne. I).. Nato, A.. l3llisseche, D.. Jouan. B. 

and Ducreux. G. (2003). Contribution of microtuberisation to the adaptation of 

potato culture in the Saliel. Cahiers Agrk., 12(1): 7-14. 

Shirin. F.. I lossain. M.. Kabir. M.F., Roy. N'l.. Sarker. S.R. (2007). Callus 

Induction and Plant Regeneration from lnternodal and Leaf Explants of Four 

Potato (Solanum tubemczun I..) cultivars. World]. Agile. Sri., 3(1): 01-06 

Shibli. R.A.. Abu-Ein. A.M. and Ajlouni. M.M. (2001). In vitro and in vivo 

multiplication of virus-free 'Spunta' potato. Pakistan .1. Dot.. 33( I): 35-41. 

Schilde, R.L. and Schmiediehe. P.E. (1984). tissue culture: past. present and 

future. CII' Circular, 12(1): 3-6. 

.Smolenskaya. S.E. (1989). Study of future olshoot regeneration in potato in callus 

tissue culture. SibL Vest. Shokho. Nauki., 1:32-38. 

Song. Y. K.. Toyoda, H. and Ouchi. S. (1987). Rearing of disease resistant potato 

by using plant tissue culture system. Memoirs of the Faculty of Agriculture. 

Kinki University. 20: I - II. 

Tikk. E.T. and Kollist. Y.E. (1992). Optimizing the conditions for induction of 

callus cultures indifferent varieties of potato. Sot Skokho. Riot .5: 33-40. 

Tovar. P. and Dodds. J.H. (1986). Tissue (.'ulture !'ropaga!ion of Potato. c:ll' slide 

Training series I-S tnt. Potato center. Dept. of training and communications. I'. 

0. Box. 5659. I.ima. Peru. 

Yasrnin.S, Nasiruddin. KM.. I3egum. R. and Talukder. S.K. (2003). Regeneration and 

establishment of potato plantlets through callus formation with RAP and 

NAA. Asian.!. Plant Sd., 2(12): 936-940. 

69 



Vinterhalter, D., Vinterhatter, B. and Calovic. 1997. The relationship between 

sucrose and cytokinins in the regulation of growth and branching in potato cv. 

Desiree shoot cultures. Ada Hon., 462: 3 19-323. 

\Vang, P. J. and Iluang. L. C. (1980). Callus cultures from potato tissue and 

exclusion of potato virus X from plants regenerated from stem tips. canadian 

J. Bat., 53: 2565-2567. 

Zel. J.. Mlakar, M.....Vithar. B., Grill. D. and Guttenberger. H. (1999). The 

efficient regeneration of the potato (Sobmum tubero.cum L.) cv. Igor in vitro. 

Special issue: 2nd Slovenian symposium on plant physiology with 

international participation. Gozd Martuijek, Slovenia. September 30-October 

2. 1998. PIwion. Horn.. 39(3): 277-282. 

70 



AMEX(DICES  



APPEN DICES 

Appendix L: Composition and concentrations used for the preparation of MS 

medhint (Murashige and Skoog. 1962) 

Components - 	Concentrations (rng/L) 

MacronutrientS 	 I 
KNO. 

190M0 

LNHIOJ 
10.00 

440.00 
CaCI, 2H20 

\KH2PO4 
170.00 

Lhb0t1 t5 
-12.30 

0 

9604 
8.60 

0.25 

0.025 

H20 I 	 0.025 

FKI 
0.83 

Iron Sources 

Tes7ii2O 	 -1 
27.80 

Na2EDTA.2H20 
37.30 

Vitamin and Organic Nutrients  

Nicolinic Acid 1 	0.50 

PyrodoxinilCi 0.50 

Thiamine HCl 
0.50 

2.00  

I Myo inositOl 
100.00 

~Sll
cr()sc 

7000.00 

r
Agar 

adju 
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Appendixll 

Fresh Weight of callus 
Days required for 

(g) 

 
- 

20 DAI 40 DAt 60 DAt 
Variety df callus initiation 

Variety 2 1.034* 0.0514* 0.0534* 0.177** 

1-lormone 3 250.712*4 0.3324* 4.410 

0.030*4  

11.335*4 

0.032 Interaction 6 2.3014* 	0.007 

Error 24 0.224 	 0.003 0.008 0.006 

Total 15 

Significant at 1% level of probability 
* Signilicant at 5% level of probability 

Appendix III 

Variety df 
Days required for 
shoot induction 

I Number of shoot/Callus 

ZODAI 	30DAI 	60DM 

Variety 2 23.165*4  0.704 1.302*4 1.852*4  

Hormone S 17.511 1.051 1.363*4 2.552*4  

Interaction 10 2.351 0.133* 0.207k 0.163* 

Error 36 0.250 0.062 0.044 0.074 

Total 53  

** Significant at 1% level of probability 
* Signiticant at 5% level of probability 
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Appendix IV 

Variety 	f df Shoot length (em) 

20 DAI 40 DAI 60 DAI 

Variety 2 0.250** 0.4654* 0.6914* 

Hormone 5 8.190*4 8948** 7.381*4 	

I Interaction JO 
0.312 0.201" 0.I65 

Error 	- 36 
0.039 0.055 0.048 

Total 

H 
** Significant at 10/0 level of probability 
* Signilicant at 5% level of probability 

Appendix V 

Variety df 
Number of leaves per plantlets 

20 DAI 40 DAI 60 DAI 

Variety 2 0.0I9NS 0.24lNS 0.463*4 

Hormone 5 1.896 2.9074* 3.4524* 

Interaction 10 0.2854* 0.152NS 0.063NS 

Error 36 0.077 0.137 0.078 

Total 53 

** Significant at 1% level of probability 
* Significant at 5% level of probability 
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Appendix VI 

Variety 

Variety 

df 

1 	2 

I 	 Number of roots per plantlets 
Days required to 	________ ________ 
root formation 	 p 

20 DAI 	DAI 	60 DAI 

7.907** 	0.167* 	0.241NS 	0.352" 

1-lornione 1 	5 17.930 1.733" 1.130*t 1.807" 

Interaction 10 1.041** 0300** 0.285" 0.419" 

r Error 

lotal 

36 0.377 

T53  

0.050 0.106 0.042 

** Significant at 1% level oIprobahility 
* Signilicrnn at 50/(, level of probability 

Appendix VI! 

Vetv 

Variety 

df 

2 

Length of roots (cm) 

20 DAI 	 40 DAI 	 60 DAI 

1.472" 	 1.947** 	 4194** 

Hormone 5 16.606" flg** 32.977" 

Interaction 10 0559** I.048** 1.535" 

Error 
36 0.062 0.112 0.126 

Total 53 

Significant at 1% level of probability 
* Significant at 5% level of probability 
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