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Original Research Article

In-vitro Sterilization of Alstroemeria hybrida cv. Pluto

ABSTRACT: Theexperiment-enti

present studyas
eonducteddesignedo standardize protocol for asepsis of differenplarts of Alstroemeria hybrida cv. Pluto
(rhizome tips, rhizome sections, shoot tips andshodal segments). Carbendazim 200 ppm for 30 tesnt
mercuric chloride (0.1 %) dip for 10 minutes andafi treatment with ethyl alcohol (70 %) férone minute
proved best for culture asepsis of rhizome tips dzbme sections at 2 and 4 weeks of cultuvbilewhereas
asCarbendazim 200 ppm for 15 minutes followed bycorér chloride 0.1 % dip for 3 minutes provedtbet
for culture asepsis of shoot tip and shoot nodgnsents at 2and 4 weeks of culture. Also Carbendazim 200
ppm for 30 minutes + mercuric chloride (0.1 %) dgp 10 minutes and final treatment with ethyl alobfi70

%) fori-oneminute proved best for culture survival of rhizotips and rhizome sections at 4 weeks of culture.,
while-asvhereasCarbendazim 200 ppm for 15 minutes followed brcuomi chloride 0.1 % dip for 3 minutes
proved better for culture survival of shoot tipdashoot nodal segments at 4 weeks of culturethignstudy
protocol for sterilization of different explantsalgs to the standardization of the explant for tssulture in

Alstroemeria hybrida cv. Pluto.

Key words: Sterilization, rhizome tip, rhizome section, dhtipand shoot nodal segment.

1. INTRODUCTION: Alstroemeria hybridas a rhizomatous monocot belongingthe family Alstroemeria
ceae Alstroemeria hybrids are counted among top ten cut flowers algtowing to diversity of colours, low
energy cultivation and long vase lifdlstroemeria hybridds a relatively recent introduction into the wadsld
floriculture scene and has become a major cut flowe India crop was introduced in 2001 by Ministf
Agriculture, GOI, under Food and Agriculture Orgaation programme at three Model Floriculture Center
Ooty (Tamil Nadu), Chial (Himachal Pradesh) anch&gar (Jammu & Kashmir). The crop was introduced in
SKUAST-Kashmir, Shalimar in 2005-06 under ICAR spomed Horticulture Mini Mission-1. Legal planting
material imported from foreign breeder companiestilsvery costly ranging from Rs. 500-600/plaGultivars
introduced in late nineties in India are currentlyt of the patent regime. However, planting matdéganot
easily available due to constraints imposed on iplidation rate under conventional propagation rodttof
rhizome division. This has been the single majométling block that has preventédstroemeria hybriddrom
becoming widely adopted by cut flower growers insKimir and Himachal Pradeshlstroemeria hybridas

generally propagated by rhizome division of thresaryold plants. However, multiplication rate is low
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Propagation through seed is not commonly practided to variability in hybrids and long and difficul
germination Attempts have been made by few workers to multfdstroemeria in vitrahrough rhizome tips
(Husseyet al., 1979; Gabryszewska and Hempel, 1985; Lin and Men&987; Chiari and Bridgen, 2000) but
contamination was the major bottleneck to startturek. In vitro multiplication of elite genotypes of
Alstroemeria is widely used in commercial multigliion and offers immense opportunities to multipigre
number of disease free plants in shortest possibke(Lin et al, 2000).Alstroemeriacan be started with apical
shoot tips but there is also a strong dominancecefuppressing the growth of axillary buds (Bomd a
Alderson, 1993). To promote cultivation éistroemeria there isa need to establisin vitro propagation
protocols for the cultivars already available widisearch institutes and Government departments. sHaill not
only ensure availability of quality planting matdrifor growers but also open up avenues for cultiva
improvement througtin vitro mutagenesisTherefore current study involved standardizationpadtocol for

sterilization of various explagibf AlstroemeriaSvev.Pluto.
2. MATERIALSAND METHODS

The experiment was conducted in the Division ofiEldture and Landscape Architecture during ther 4 2-
2013 at SKUAST Kashmir. Rhizome tips , rhizome i&s,shoot tips and shoot nodal segments of argeran
flowered cultivar Pluto were cut from freshly dugglants and thoroughly washed with tween-20 fodwby
200 or 400 ppm Carbendazim treatment for 30 mindfegher treatment with mercuric chloride 0.1% %Soor
10 minutes followed by 70% ethanol dip for 30se@adone minute was done under laminar air flowpl&xts
were given final 3-4 washings with sterile watefdve placing on the mediumin all experiments 12 cultures
per treatment were maintained each replicatedtimes. Data recorded was subject to statisticalyaizausing

ANOVA.
2.1. Sterilization of culture media

Culture medima (MS solid and liquigwnedig in test tubes/flasks was sterilized by autoclgvima horizontal
autoclave at 121°C and 1.05 kg €rfl5 psi) for 20 minutes. This high temperature owly kills bacteria and
fungi, but also their heat-resistant spores. Flaskbtest tubes were placed in autoclave whenditdexeloped

the required pressure. Lid of the autoclave wasedoand vacuum valve opened to remove air from the
autoclave chamber. Vacuum valve was closed andnsiel@t valve opened. Pressure indicator lampe(gre
lamp) switches off when required pressure (15 psifleveloped inside the autoclave chamber. Time for

autoclaving was counted from the switching off bk tpressure indicator lamp of the autoclave. After
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autoclaving the test tubes and flasks for the reguiime, electric supply of the autoclave was clwét! off and
exhaust valve opened to release the pressure sldwltpclaved medima was allowed to cool overnight at

room temperature and used when required but withidays.
2.1.1._Culture Environment

All the aseptic manipulations like surface steatinn, preparation and inoculation of explants andsequent
sub-culturing were carried out in the laboratoryngslaminar air flow cabinet where pure air is feticout
continuously so that no contaminant is allowedrtteethe cabinet during working time. Pure airésgrated by
forcing the air to pass through a series of fitter§ which remove dust and other potential contamis. The
working table of laminar air flow chamber was fistrface sterilized with absolute alcohol and then
ultraviolet light for 30 minutes. The forceps, gElland Petri-dishes were first steam sterilizedrrautoclave
at 12PC for 20 minutes. These instruments were furtherilsted at the start of inoculation by pouring som
alcohol over them in the laminar hood followed kgniing. During inoculation forceps and blade weeenk

sterilized several times. Hands were cleaned apddwvith Hi-Care disinfectant gel before working.
2.1.2. Cultureincubation

The cultures were generally incubated at 2&h an air conditioned culture room with a 16/&ihtight/dark

regime and a light intensity of 3500 lux.
2.1.3. Collection of explants

Different types of explants that were tried durthg course of present investigation were colleftech plants
maintained at green houses in Floriculture fiel8er-e-Kashmir University of Agricultural Sciencaad

Technology of Kashmir, Shalimar. The details regagadollection of different explants are as follows
2.1.4. Rhizometips and rhizome sections

Healthy plants of thélstroemeria cv. “Pluto” were dug out from the field with thelpeof spade and disease
free rhizome tips and rhizome portions were placetlean flasks containing distilled water and lglouto the

laboratory for further processing.
2.1.5. Shoot tips and shoot nodal segments

Disease free shoot tips and shoot nodal segments separated from the mother plant and cut intollema
pieceswhich werethen- placed in clean flasks containing distilled waserd brought to the laboratory for

further processing.



87 3. Experimental parameters

88 A variety of experiments were conducted during fliesent investigation aimed at the development of a
89 protocol forin vitro propagation ofAlstroemeria cv. “Pluto”. Details regarding the methodologies adopted are

90 given in the sections that follow.

91 3.1. Standardisation of disinfection protocol for various explantsin Alstroemeria

92 Explant surface sterilization is the first vitagptfor the initiation of cultures vitro. Final steps in
93 surface sterilization were performed under the tisepnditions of laminar flow hood. Knives anddeps were
94 flame sterilized before use. While making incisiokrives and forceps were flame sterilized as amheénv
95 thought necessary to avoid spread of contamindigiween different parts of the explant. Detailssofface

96 sterilization procedures for different explants gieen in the following sections.

97 3.1.1. Rhizometips and rhizome sections

98 Explants on arrival in the laboratory were washdth wunning tap water to remove any adhering dumst a

99 debris and cut into manageable size pieces (cetmég)e Afterwards the explants were put in a Tw2én-
100 surfactant solution (few drops) along with requiehntity of fungicides and given a vigorous shée30
101 minutes to ensure thorough cleaning. There afeisthifactant along with the fungicides was wastédraler
102 running tap water followed by a final washing wétingle distilled water. The specimens wetgelabrought to
103 laminar flow hood for treatment with mercuric chitie 0.1%, ethyl alcohol 70% and aseptic inoculatibine

104  details of composition of different sterilant fortations and duration of application are given irbl€al.

105 3.1.2. Shoot tips and nodal segments

106  Shoot tips and nodal segments were procured fraendrouse grown plants. These are separated withrp s
107 scalpel. Explants on arrival in the laboratory werashed with running tap water and thereafter giaen
108  vigorous shake for 15 minutes in Tween- 20 surfactolution fortified with appropriate fungicide @n
109 antibiotic concentration. The surfactant and fuitlgifantibiotic solution was later removed by plagithe
110 explant under running tap water and a final 2-3emwith single distilled water. The details regagdthe
111 composition of various sterilant formulations anatation of application are given in the Table 2.

112

113
114
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Table 1: Composition of sterilant formulations and duration of application for surface
sterilization of rhizometipsand rhizome portionsin Alstroemeria cv. Pluto

Details of the Treatment

S;  Mercuric chloride 0.1 % dip for 5 minutes
S,  Mercuric chloride 0.1 % dip for 10 minutes

S;  Ethyl alcohol dip (70%) for 30 seconds

S, Ethyl alcohol dip (70%) for 1 minute

S Carbendazim 200 ppm for 30 minutes followed har&iS;
Ss  Carbendazim 200 ppm for 30 minutes followed bar&iS,
S; Carbendazim 400 ppm for 30 minutes followed hgi8iS;
S Carbendazim 400 ppm for 30 minutes followed bar&iS,

Table 2. Composition of sterilant formulations and duration of application for surface sterilization of
shoot tips

and shoot nodal segmentsin Alstroemeria cv. Pluto

S, Mercuric chloride 0.1% for 3 minutes
S, Mercuric chloride 0.1% for 5 minutes
S; Carbendazim 200 ppm for 15 minutes + Mercuric Kd&0.1% for 3 minutes
S, Carbendazim 200 ppm for 15 minutes + Mercuric 6#€0.1% for 5 minutes
S Carbendazim 400 ppm for 15 minutes + Mercuric 6t#€0.1% for 3 minutes
S Carbendazim 400 ppm for 15 minutes + Mercuric 6t#€0.1% for 5 minutes

4. RESULTSAND DISCUSSION

Culture asepsis and survival of rhizome tips, rhizome sections, shoot tips and shoot nodal

segments

In Alstroemeria rhizome is the main explant an underground strecamd carries a significant microbial load.
Therefore, achieving culture asepsis and subsegsentival of explants is a significant challenge in
Alstroemeria .In the current study, rhizome tips and rhizome isestwere surface sterilized for 5.0 and 10
minutes in 0.1% mercuric chloride after a 30 minatefactant treatment fortified with 200 and 400mpp

Carbendazim and final treatment with ethyl alcaf7@l %) for one minute. Significant differences amoneans
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in terms of per cent asepsis and subsequent suwara observed for both explants and sterilantlmoations

in rhizome tips and rhizome sections (Table 3 apdHdghest culture asepsis was achieved in rhiztipse
Maximum asepsis in rhizome tips may be attributeds lesser surface area exposed as a resuhgliesiut at

the distal end of the rhizome and hence less arearftry of potential infections. This is in comigan to
rhizome sections where two cuts are made at theimad and distal ends and hence more exposed tissue
Further rhizome tips are compact structures witdtireely fewer subtending organs like roots andcetgles and
hence have less quantity of extraneous materialdik, soil etcadhering which may have contributed to higher

asepsis in comparison to rhizome sections.

Among the sterilant combinations, a 1uté mercuric chloride (0.1 %) solution dip sigcsfintly
improved culture asepsis in comparison to 5 mirdipe Ethyl alcohol 70 % treatment alone for one umén
proved better (§ than a 30 seconds treatment with ethyl alcohol/(®;).However one minute ethyl alcohol
treatment at the end of sterilization procedureoiving Carbendazim 200 ppm for 30 minutes followsd
mercuric chloride (0.1%) for 10 minutes under laanirflow hood significantly increased culture asspsi
(79.20%) Fig 1). The results indicate passing explants througigiftidal treatment followed by mercuric
chloride and final treatment with ethyl alcohol irispensable for culture asepsis in rhizome explanf
Alstroemeria. Concentrated ethanol is a powerful disinfecthat kills majority of fungal and bacterial spores
through instant dehydration. However increasingceotration of Carbendazim from 200 to 400 ppm ditl n
improve the final level of culture asepsis any Hert The difference between the two sets of treatsne
involving 5.0 and 10 minute mercuric chloride dipda30 seconds and one minute ethyl alcohol (70 %)
treatment underlines the importance of minimatlgguate time duration of final mercuric chloridel(@o) for
10 minutes and ethyl alcohol (70 %) for one minwarface sterilization procedure under the lamiiaw

hood.

In the current study, shoot tips and shoot nodgimemts were surface sterilized for 3 and 5 minnte i
0.1% mercuric chloride after a 15 minute surfactaeatment fortified with 200 and 400 ppm Carbemntaz
Significant differences among means were obsergetidth explants. Highest culture asepsis at 24angeks
of culture was achieved in shoot nodal segmenterahan shoot tips (Table 5 and 6) with Carbendg200
ppm for 15 minutes followed by mercuric chloridel@) for 3 minutes . Lower asepsis of shoot tipy ina
due to bud morphology that allows accumulationxdfameous material among loosely placed leaveshwiuie
also sticky. However, survival was relatively befite shoot tips than shoot nodal segments with &adlazim

200 ppm for 15 minutes followed by mercuric chleri@®.1%) for 3 minutes (Table 8). There was leasieh of
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exudates from shoot tips in comparison to shooahselgments. Less exudates in shoot tips may b&duere
proximal position in shoots as most of the exud#ites down and accumulate in the lower portion lofrfering
shoots which translated into more exudate outflowitro in the latter and hence less survival. Data atsotp
to the importance of use of carbendazim at 20048ppm in improving asepsis and survival of thplamts.
Shoot tips and shoot nodal segments are tendeststes and hence use of ethyl alcohol is not adedca
Seyyedyousefet al (2013) also advocated fragments of stem contgimiode and internode were washed

thoroughly under running tap water for 20 minuted disinfected

Surface sterilization of rhizome tips amnizome sections with carbendazim 200 ppm for 30
minutes followed by mercuric chloride (0.1 %) digr fLO minutes and ethyl alcohol 70% fbrone minute
resulted in highest per cent aseptic cultures &Y cent in case of rhizome tips and 61.63 pet icecase of
rhizome sections at 4 weeks of culture respectjy@iich is at par with asepsis attained by 5 neénuatercuric
chloride 0.1 % treatment followed by a 30 seconth #hyl alcohol dip (Table 3 and 4). Rhizome tipsved
to be better for startingn vitro cultures. Higher asepsis in rhizome tips may Ibated to its lesser surface
area exposed as a result of single cut at thel @isthof the rhizome and hence less area for esitpotential
infections. At the end of four weeks of culture,@B per cent rhizome tips survived under carbemdg00
ppm for 30 minutes followed by mercuric chloridel(®6) dip for 10 minutes and ethyl alcohol 70 % for
minute (Table 7). Rhizome tips survived bettentttze rhizome sections which may be due to lessedjarea
in the former and hence lesser quantity of exudatethe current experiment elusion of exudatemfexplants
was a major cause of physiological mortaiityvitro (Fig 2). Data reveal the importance of ethyl alcohohe t
eventual survival of the aseptic explants recomethe end of 4 weeks of culture. Use of carbemddallowed
by ethyl alcohol dip significantly improved culturgurvival both in rhizome sections and rhizome .tips
Carbendazim decreased mortality due to fungal fidies whereas ethyl alcohol may have contributed in
survival by not only through sterilization but aldae to mitigation of harmful effects of mercuriblaride.
Ethyl alcohol being a dehydrant may have playedla in drawing out excess Bgions out of the explant
tissues along with the exudates which may havefgigntly contributed to higher survival in explaninder §
and $ sterilant treatment. Mohangt al (2005) advocated use of final wash in 1% hypeéct®Cl| solution to
draw out any traces of Hgfrom the explant tissue. Carbendazim, mercurioridé and ethyl alcohol have
been used by several workers to achieve the delgved of culture asepsis and survivalvitro. Hakkart and
Versluijs (1988) initially rinsed the rhizomes Alstroemeria cv's Rosario, Toledo, and Jubilee with tap water

and later dipped for few seconds in 70% ethyl abtoRinal sterilization was done in a laminar flomwod with
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5 % Ca Hypochlorite (CaOCI) followed by rinsing ihés with sterile water. In Alstroemeria , Piegkal
(1988) reported use of 70 % ethyl alcohol for 28ands followed by 20 minute dip in 1.5 % NaOClItbwiew
drops of Tween 20). , Jyotht al (2008) reported use of 1.0 % mercuric chlorideS8faninutes in ginger which
is a plant with an underground rhizome similar ichétecture toAlstroemeria .Sathyagowri and Seran (2011)
also reported reasonable level of culture aseprissarvival with Carbendazim (0.3%) + Doxycyclir22%)
for 10 minutes followed by 70% ethanol for 1 miniteginger rhizome explants with buds. In the prestudy
10 minute dip in mercuric chloride (0.1 %) appearde appropriate for a reasonable level of culagepsis

and to avoid mortality of explants.
Conclusion

Rhizome tips taken during the vegetative growtlvised better than the other explantsed during study and
are considered suitable explant for starting théurei in Alstroemeria cv. Pluto. Maximumaseptic growing
cultures were obtained with Carbendazim 200 ppm3@rminutes followed by mercuric chloride (0.1%)

treatment for 10 minutes and final treatment withykalcohol (70%) dip fof-oneminutejja1]
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Table 3. Influence of sterilants on culture asepsis (%Ylzome tip explant ollstroemeriacv. Pluto

Sterilants Per cent asepsis of Per cent asepsis of rhizometipsat 4
rhizometips at 2 weeks weeks
S, Mercuric chloride 0.1 % dif 27.087! 20.8¢
for 5 minutes (27.929) (24.064)
S, Mercuric chloride 0.1 % dip 41.6625 33.33
for 10 minutes (40.165) (35.181)
S Ethyl alcohol (70%) dip for 6.2725 4.1875
30 seconds (8.244) (6.767)
S, Ethyl alcohol (70%) dip fo 37.497! 29.162¢
1 minute (37.616) (32.388)
Ss Carbendazim 200 ppm for ¢ 62.497! 54.162!
minutes followed by S1 and (52.382) (47.432)
S3
Se Carbendazim 200 ppm for { 93.727! 85.412!
minutes followed by S2 and (79.207) (68.083)
S4
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S; Carbendazim 400 ppm for < 81.24¢ 70.8:
minutes followed by S1 and (64.938) (57.608)
S3

S Carbendazim 400 ppm for 30 91.6525 83.33
minutes followed by S2 and (75.297) (66.255)
S4

C.D (p=00s) 15.66 12.62

Data in parenthesis are arcsine transformed vallib® percentage values

Table 4: Influence ofSterilantssterilantson culture asepsis (%) of rhizome portion expldntstroemeriacv.

Pluto
Sterilants Per cent asepsis of rhizome Per cent asepsis of
portionsat 2 weeks rhizome portionsat 4

weeks

S Mercuric chloride0.1 % dip for 5 minui 16.6¢ 12.51¢
(18.127) (15.496)

S Mercuric chloride 0.1 % dip for 1 27.087! 22.922¢
minutes (27.929) (25.379)

S Ethyl alcohol (70 %) dip for 30 seconds 6.2725 4.1875
(8.244) (6.767)

Sy Ethyl alcohol (70 %) dip for 1 minute 29.165 27.08
(32.631) (31.154)
S Carbendazim 200 ppm for 30 minutes 62.4975 54.1625
followed by S1 and S3 (52.382) (47.432)

S Carbendazim 200 ppm for 30 minutes 79.1625 77.08
followed by S2 and S4 (63.462) (61.634)

S; Carbendazim 400 ppm for 30 minu 60.412! 52.0¢
followed by S1 and S3 (51.065) (46.197)
S Carbendazim 400 ppm for 30 minutes 74.9975 72.9125
followed by S2 and S4 (60.159) (58.842)

C.D (p=005) 17.00 14.86

Data in parenthesis are arcsine transformed valut®e percentage values

10
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Table 5: Influence oSteritantssterilantson culture asepsis (%) of shoot tip explanAtstroemeriacv. Pluto

Sterilants Per cent asepsis of Per cent asepsis of
shoot tips at 2 weeks | shoot tips at 4 weeks

S Mercuric chloride dip for 3 minut 74.997! 60.412!
(60.159) (51.065)

S, Mercuric chloride dip for 5 minut 62.49: 52.0¢
(52.264) (46.197)
S; Carbendazim 200 ppm for 15 minutes followed by S 83.33 74.9975
(66.255) (60.159)
S, Carbendazim 200 ppm for 15 minutes followed by S2 79.1625 66.6625
(63.462) (54.815)
S Carbendazim 400 ppm for 15 minutes followed by S 74.9975 62.4975
(60.159) (52.382)
S Carbendazim 400 ppm for 15 minutes followed by S2 64.58 54.1625
(53.581) (47.432)

C.D (p=003)
7.81 7.71

Data in parenthesis are arcsine transformed valut®e percentage values

Table 6 Influence of sterilants on culture asepsis (¥8tadot nodal segment explantAlstroemeriacv. Pluto

Sterilant Per cent asepsis of Per cent asepsis of
shoot nodal segments shoot nodal
after 2 weeks segments after 4
weeks
S, Mercuric chloride dip for 3 minut 79.162! 64.5¢
(63.462) (53.581)
S, Mercuric chloride dip for 5 minutes 64.58 47.9125
(53.581) (43.798)
Sz Carbendazim 200 ppm for 15 minutes followed | 87.48¢ 79.162!
(71.959) (63.462)
S, Carbendazim 200 ppm for 15 minutes followed |, 79.162! 70.8:
(63.462) (57.608)
S5 Carbendazim 400 ppm for 15 minutes followed | 74.997! 66.662!
(60.159) (54.815)
S Carbendazim 400 ppm for 15 minutes followed by S 64.58 47.9125
(53.581) (43.798)
C.D (p=005) 11.32 8.45

Data in parenthesis are arcsine transformed vallib® percentage values

11
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Table7: Influence of sterilant treatmentson survival of rhizometip and rhizome section explants

of Alstroemeria cv. Pluto

Sterilants Rhizometip Rhizome section
Survival * Survival*
) ) ) ) 20.84 6.27
S; | Mercuric chloride dip (0.1%) for 5 minutes
(24.06) (8.24)
33.33 16.68
S, | Mercuric chloride dip (0.1%) for 10 minutes
(35.18) (18.12)
S; | Ethyl alcohol (70%) dip for 30 d 418 418
alcoho o) dip for 30 seconds
Y P (6.76) (6.76)
29.16 24.99
S, | Ethyl alcohol (70%) dip for 1 minute
(32.38) (29.83)
S | Carbendazim 200 ppm for 30 minutes followed by S 54.16 49.99
and § (47.43) (44.99)
Ss | Carbendazim 200 ppm for 30 minutes followed by S 85.41 74.99
and § (68.08) (60.15)
S; | Carbendazim 400 ppm for 30 minutes followed by S 70.83 49.99
and § (57.60) (44.99)
S | Carbendazim 400 ppm for 30 minutes followed by S 83.33 68.74
and § (66.25) (56.13)
C.D(p<o.s) 14.31 14.87

Values in parenthesis are arcsine transformedidater cent

*Data recorded at 4 weeks of culture

Table 8 : Influence of sterilants on survival peitcef shoot tip and shoot nodal segmentalsfroemeriacv.

pluto
Sterilants Shoot tips survival Shoot nodal
(%) segments survival
(%)

S, Mercuric chloride 0.1% dip for 3 minutes 41.22 42.56
(39.77) (40.58)

S, Mercuric chloride 0.1% dip for 5 minutes 39.78 40.49
(32.11) (35.87)

S Carbendazim 200 ppm for 15 minutes followed hy T 68.7475 62.4975
(56.13) (52.38)
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Sy Carbendazin200 ppm for 15 minutes followed by 50.23 54.1625
(44.63) (47.43)
S Carbendazim 400 ppm for 15 minutes followed k 54,1625 58.33
(47.43) (49.83)
S Carbendazim 400 ppm for 15 minutes followed b’ 45.8: 47.5¢
(42.56) (39.37)
Cc.D 9.33 9.06
262
263 Data in parenthesis are arcsine transformed valUih® percentage valu
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268 Fig1) Aseptic culturesaz
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Fig2) Exudate production from explantigas]
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