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ABSTRACT

This work explores the possibility of using ir-vitro technique to
store the explants of banana (Musa acuminate cv. Grand-Nain
Cavendish subgroup, AAA).The influence of different sugars
concentrations and storage temperatures was investigated. Shoot-tip
explants of banana Grand-Nain cv. were successfully stored for up to
12 months (without subculturing) on MS medium supplemented with
fructose or ribose each at 20, 30 or 40 gI”! or sucrose at 40, 50 or 60
gl' and stored at 15°C, 17°C and 21°C. The highest survival
percentages (100 %) were recorded with all sugar concentrations at
15°C and 17°C, while the 21°C recorded the lowest survival
percentage during the storage period (12 months). Data also revealed
that the lowest shoot number was recorded with 20 and 30 gI”' ribose
and 60 gl sucrose at all storage temperatures. The highest shoot
length (cm) was recorded with 30 gl ribose and 60 gl sucrose at
15°C and 17°C. All survived explants were recultured on fresh
modified MS medium revealed viability and resumed growth within
three week.
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INTRODUCTION

Banana is one of the most important tropical fruit crops in the
world. It is grown in every humid tropical region and constitutes the
4th largest fruit crop of the world and constitutes the 3th largest fruit
crop in Egypt following the citrus and grape fruits. Banana is popular
due to their typical sweet aromatic taste, large fruits with thick skin
and their high yield. Banana production occupies an important share
in the total fruit of Egypt. The total area of banana reached 56,422
feddens produced about 875,123 tons with an average of about 17, 29
tons per feddan (Ministry of Agric. A.R.E. 2005).

Fruit tree germplasm is being conserved mainly in the form of a
field genebank, which requires much labor money and land. In
addition this germplasm 1s apt to be lost by attack from pathogens,
pest and environmental disasters (Ko er al, 1991).Tissue culture
systems are aseptic and easily kept free from fungi, bacteria, viruses
and insects parasites. An important use of tissue culture at present is
the culturing of meristems so as to obtain virus free plants, and the
subsequent storage of such plants as pathogene-free stocks by plant
breeders. The expense, both in labour and financial terms, of
maintaining larg field collection is a further factor contributing to the
use of in vitro collection. Also in an ideal-tissue culture storage
system, genetic erosion is reduced to zero (Dodds, 1991).

Micropropagtion in standard condition is the most widely used
tissue culture technique for germplasm conservation. However, in
these conditions the frequent transfer makes the technique costly and
increases the risk of contamination. Besides, positive selection during
subculturing could be a source of genotypic variation. Consequently,
it is necessary to reduce the rate of growth so that limited attention is
required for plantlets in storage (Dodds, 1991).

Several approaches can be wused to achieve germplasm
conservation, of which incubation at reduced temperature and low
light intensity, modification of culture medium by increasing sugar
concentration or decreasing the supply of inorganic nutrients and
adding growth retardants to culture medium. Minimal growth storage
is a very simple technique that allows storage of plants in vitro for
period ranging from 6 months to 5 years depending on species. These
stored plants can be micropropagated rapidly when desired (Perez-
Tornero et al., 1999). '
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In this concern, Wanas (1992) used modifying sucrose
concentration to 2, 4 or 5% for storage of the germplasm of apple
rootstock cultures (M9, M26 and MM106). The cultures of M9 and
MM106 increased in survival % after 18 months storage at 4%.

Meanwhile, Hassan (1996) showed that clusters of developed
buds and shoot tip explants of banana can be stored at 15 °C for at
least 12 months with higher survival percentage when compared with
survival percentage of explants storage at 27 °C.

This work aimed to determine the effect of different sugars
concentrations and temperatures on shoot-tip explants of Grand-Nain
banana cv, to extend the subculturing intervals from the normal 3
weeks to much longer period.

MATERIALS AND METHODS

This work was carried out during two successive years (2004-
2006) at the laboratory of Virus and Mycoplasma Research Section,
Plant Pathology Research Institute, Agriculture Research Center,
Giza, Egypt.

Small suckers of about 50-70 cm. in length were carefully cut
from mother plants of banana (Musa acuminate cv. Grand-Nain
Cavendish subgroup, AAA) grown in a private orchard at Al-Behera
governorate and the suckers were immediately transferred to the
laboratory washed in running tap water for several times. Then tested
against banana bunchy top nanavirus (BBTV) and banana mosaic
cucumovirus (BMV) using DAS-ELISA according to (Clark and
Adam 1977).

The apical parts contained main buds of the suckers were excised
then washed in running tap water for about one hour. The isolated
explants were soaked under aseptic condition in 70 % Clorox and
Tween 20 (0.1%) as surfactant for 20 minuets. Then the explants were
rinsed in sterile distilled water for four times each for five minuets to
remove all traces of Clorox. The shoot-tip explants (1 cm length x1
cm diameter). free of BBTV and BMV (negative ELISA results) were
separately cultured into glass jars (250 ml) filled with 30 ml of
Murashige and Skoog (1962) (MS) medium at full strength
supplemented with 0.4 mgl™ thiamin-HCl, 100 mgl™ L-arginine 100
mgl’ myo-inositol, 2 mgl1 indole-3 acetic acid (IAA) 5 mgl’
benzyladenine (BA), 160 mgl” adenine sulphate, 0.2 gl charcoal, 2.2
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gl! phytagel as recommended by Ko et al.,(1991) plus fructose, ribose
at 20, 30 or 40 gl and sucrose 40, 50 or 60 gl'. The cultures
supplemented with different sugars concentrations were incubated at
three temperature degrees i. e. 15, 17, and 21 °C.

The pH of all prepared media was adjusted to 5.8 with 1 N KOH
and the media were autoclaved under 1.5 / b% at 121°c for 20 min. and
then kept over night at room temperature before culture.

The cultures of all treatments were incubated under photoperiods
of 16 hours day and 8 hours night supplied by white fluorescent tubes
to provide light intensity of 1000-lux at cultures level.

The data were recorded every 3 months on survival percentage,
average shoot number/explants, average shoot length (cm) and up to
12 months.

After storage period (12 months), survived explants were
transferred to fresh MS medium supplemented with 30 gl sucrose, 5
mg/l BA, 0.1 gl’! myo-inositol and 2.2 gl'l phytagel. After three weeks
data were recorded on survival percentage, average shoots
number/explants and average shoot length (cm).

The experimental consisted of 27 treatments. Each treatment was
represented with six replicates, each with one shoot-tip explants. This
factorial experiment was designed in a complete randomize design
(C.R.D.), and data bottomed were compared according to method
described by Snedecor and Cochran, (1972).

RESULTS AND DISCUSSION
Influence of different sugars concentrations and temperatures
during in-vitr storage of shoot-tip explants of Grand-Nain banana
cv.
a) Survival percentage:

Data in table (1) illustrated that, all sugars concentrations under
storage temperatures gave 100 % survival percentage after 3 and 6
months of storage period without significant differences among them.
After 9 and 12 months storage period, all sugars concentrations at
15°C and 17°C produced 100 % survival while 21°C recorded the
lowest value (83.3 %) survival percentage.
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b} Number of shoots per explant:

As shown in table (2). Insignificant differences were noticed among
all sugars concentrations and temperatures under study after 3 months.
Meanwhile after 6 months, data revealed that the lowest shoot number
per explants produced with all ribose and sucrose concentrations (1.00).
As for the effect of storage temperatures, data showed that the lowest
values for shoot/explants was obtained by 15°C & 17°C. The interaction
between the two studied factors recorded that the lowest shoot
number/explant produced with all ribose and sucrose concentrations
under all storage temperatures. After 9 months of storage data showed
that the lowest significant values were recorded by explants stored on
MS medium supplemented with 20 or 30 gi™ ribose and sucrose at all
concentrations (1.00). Concerning the effect of storage temperature,
data showed no significant different at all storage temperature under
study. As for the interaction between the two studied factors, the lowest
number of shoot/ explants cultured on medium containing 20 or 30 gl
ribose and sucrose at all concentrations at all storage temperature under
study. Also, after 12 months of storage the same trend could be noticed
as those of 9 months storage.

C) Average shoots length (cm):

Data in table (3) illustrated that. After 3 months, insignificant
differences among all sugars concentrations. As for the effect of storage
temperatures, data showed that the highest shoot length was obtained at
21°C and the interaction between the two studied factors showed that,
insignificant differences could be noticed among all sugars
concentrations under 15°C or 17°C. After 6 months storage, as for the
effect of sugars concentrations data showed that the highest shoot
lengths were when using 30 or 40 g1’ ribose and 60 gl sucrose. The
effect of storage temperatures data showed that the highest shoot length
was recorded at 21°C and the interaction between the two studied
factors showed, that the highest shoot length was recorded by explants
stored on MS medium supplemented with 60 gl" sucrose (3.33 cm) at
21°C. Also, after 9 months and 12 months storage period same trend
could be noticed as those of 6 months storage.



Table (1): Effect of different sugar concentrations and temperatures on survival percentage of shoot-tip explants of
Grand-Nain banana cv. during in-vitro storage.

Temp. After 3 months After 6 months After 9 months After 12 months

Sugar 15°C | 17°C | 21°C e I ee | 17 | 21C Means e e | are | 15°c | 17°c | 21°C Means
20 |100a | 100a | 100a | 100 A |100a [ 1002 |100a | 100A [ 100a |100a [83.3b | 94.4A [100a |100a | 8336 | 044 A
F“‘;"se 30 | 100a |100a | 100a| 100A | 100a | 100a | 100a| 100A | 100a | 100a [ 83.3b | 94.4A | 100a | 100a | 83.3b | 944 A
40 | 1002 |100a | 100a] 100A | 100a ) 100a | 100a | 100 A { 100a | 100a | 83.3b | 944 A | 100a | 100a [ 83.3b | 94.4 A
20 | 100a|100a | 100a{ 1004 | 1002} 100a | 1002 | 100A | 100a( 100a | 83.3b | 944 A | 100a | 100a | 83.3b | 94.4 A
Ri:;:“ 30 | 100a | 100a | 100a | 100A | 100a | 100a | 100a | 100 A | 1002 | 100a | 83.3b { 94.4A | 100a | 100a | 83.3b | 94.4 A
40 | 100a |100a | 100a | 100A | 100a | 100a | 100a | 100A | 100a | 100a | 83.3b | 944 A | 100a | 100a | 83.3b | 94.4 A
40 | 100a | 100a | 1002 100A | 100a | 100a | 100a | 100A | 100a| 100a | 83.3b | 94.4A | 100a | 100a | 83.3b | 944 A
Sucrose |y | 100a | 100a | 100a | 100A | 100a | 100a | 100a | 100A | 100a | 100a | 83.3b | 94.4A | 100a | 100a | 83.3b | 94.4 A
¥ 60 | 100al100a | 100a| 100A | 100a | 100a|100a | 100A { 100a| 100a| 8335 | 044 A | 100a{ 1002 83.3b | 924 A

Means 100A° | 100A" | 100A" 100A° | 100A° | 100A° 100A" | 100A" | 83.38" 100A° | 100A" | 83.38°

Means followed by the same letters are not significantly different from each other at 5% level.
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Table (2): Effect of different sugar concentrations and temperatures on average shoot number of shoot-tip explants

Grand-Nain banana cv. during in-vitre storage.

Temp. After 3 months After 6 months After 9 months After 12 months
Susar Means Means : Means Means
& 15°C { 17°C | 21°C 15°C | 17°C | 21°C 15°C | 17°C | 21°C 15°C | 17°C | 21°C
20 | 1.00a 1.00at 1.00a ; 1.00A | 133b | 133b | 150b | 1.39B |1.50ab| 1.66a | 2.00a | 1.72A |1.66ab|1.83ab| 2.00a | 1.83 A
Fructose
” 30 1.00a | 1.00a | 1.00a | 1.00A | 1.50b | 1.50b | 1.83a (161 AB (1.50ab| 1.66a | 2.00a | 1.72A (1.83ab|1.83ab| 2.00a | 1.838A
40 1.00a  1.00a | 1.00a | 1.00A | 1.50b | 1.50b | 2.00a | 1.66 A |1.50ab| 1.66a | 2.00a | 1.72A |1.83ab|1.83ab| 2.00a | 1.88A
20 1.00a | 1.00a | 1.00a | 1.00A | 1.00c | 1.00c | 1.00c | 1.00C | 1.0b | 1.00b | 1.00b | 1.00B | 1.00c | 1.00¢ | 1.00¢ | 1.00C
Ribose
o/l 30 1.00a : 1.002 | 1.00a | 1.00A | 1.00¢ | 1.00¢c | 1.00c | 1.00C | 1.0b | 1.00b ; 1.00b | 1.00B | 1.00c | 1.00c | 1.00c | 1.0O0C
40 | 1.00a | 1.00a | 1.00a | 1LO0A | 1.00c | 1.00¢ | 1.00c | 1.00C |1.50ab| 1.66a | 1.00c | 1.39A | 1.50b (1.83ab| 1.00c | 144B
40 }1.00a | 1.00a | 1.00a | 1.00A | 1.00¢ | 1.00¢c | 1.00c | 100C | 1.0b | 1.00b | 1.00b | 1.00B 1 1.00c | 1.00¢c | 1.00c | 1.00C
Sucrose
1 50 | 1.00a | 1002 | 1.00a | 1.00A | 1.00c | 2.00¢ | 1.00c | 1.00C | 1.0b | 1.60b | 1.00b | 1.00B | 1.00c | 1.00c | 1.00¢c | 1.00C
g
60 1.00a | 1.00a | 1.00a | 1.00A | 1.00c¢ | 1.00c | 1.00c | 1.00C | 1.0b | 1.00b | 100b | 1.00B | 1.00c | 1.00c | 1.00¢ | 1.00C
Means 1.00A™ | 1.00A™ | 1.00A" 1.15A° | 1.15A7 | 1.26A° L22A° | 1.29A° | 1.33A° 13147 | 1.37A° | 1.33A°

Means followed by the same letters are not significantly different from each other at 5% level.

$6£-£8¢ “(£)1 9007 ‘19§ nomATY Woy) [o1g [
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Table (3): Effect of different sugar concentrations and temperatures on average proliferated shoot length (cm) of
shoot-tip explants Grand-Nain banana cv. during in-vitro storage.

After 3 months

Temp. Alfter 6 months After 9 months After 12 months
Sugar Means Means Means Means
g 15°C | 17°C | 21°C I5°C | 1'°C | 21°C 15°C | 17°C | 2I°C 15°C | 17°C | 21°C
20 100c | 1.00¢ [1.66ab| 1.22 A |1.50bc [ 1.66 be | 2.33 ab | 1.83 AB |2.00 c-f | 2.00c-f | 2.33b- | 2.11 BC (2.00 gh [2.00 gh | 2.33 fg | 2.11 EF
Fructose
» 30 1.00c | 100c | 2,002 | 1.33A | 1.00c {1.66 hc|2.33ab) 1.66 B |2.00 c-f] 2.00c-f | 2.66a-¢ | 2.22 BC | 2.00gh | 2.00 gh | 2.66¢f | 222 FE
40 1.00c | 1.00c | 2.00a | 1.33A | 1.00c | 1.00¢ |2.66ab| 1.55B | 1.50ef | 1.16 f | 2.66a-¢| 1.77C | 1.50 ij | 1.16ij |3.07de| 191 F
20 100c | 1.00¢ |133bc| 111 A |1.66 be | 2.00 be | 2.00 be | 1.8% AB (2,33 b-f| 2.33b-1 [3.3Jabc| 2.66B |2.16fg | 3.66¢f | 3.66¢ | 3.16 D
Ribose )
gﬂ 30 1.00c | 1.00¢ |133bc| I.11 A [2.33ab|233ab{2.33ab| 2.33 A |3.33abc|3.33abc|3.61ab| 3.42A [4.66ab| 433D |4.61ab| 453 B
40 1.00c | 1.00c (1.66a8b] 1.22 A (2.33ab{233ab|2.66ab| 242 A |3.33abc|3.33abe| 383 a | 3.50A [3.33¢d{3.33cd{4.83ab| 383C
40 1.00c | 1.00c |133bc| LI1A | 1.00c | 1.00c {2.00bc{ 1.33B | 1.66def] 1.33 ef {233 b-f{ 1.77C | 1.66 hi | 1.33ij (3.07de | 2.02 EF
Sucrose
/l 50 100c | 1.00¢c [1.33bc| L11A | 1.00c | 1.00c (233ab| 1.44B | 1.00F | 133 ¢f |3.07a-d| 1.80C | 1.00j | 1.33ij | 3.66¢c | 200 EF
g
60 1.00c | 1.00¢ | 2.00a | 1.33A |1.66bc(233ab| 3.33a | 2.44 A |3.33abc|3.66ab|3.66ab| 355A |4.66ab] 5.00a | 500a ! 489 A
Means 1.0B | 1.00B’ [ 1.62 A° 1.50B | 1L.70B" (244 A~ 227B |227B | 305 A° 2558 |2.68B [3.65A°

2881015 0114 -uf U0 aImeIadud] pue UoNENUSOUC) fE3NS JO 1P

Means followed by the same letters are not significantly different from each other at 5% Ievel,

06¢
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Influence of different sugars concentrations and temperatures on
regeneration capacity (shoot number and length ¢m) of shoot-tip
explants of Grand-Nain banana cv. stored for 12 months when
transferred on proliferation medium.

Data in Table (4) showed that, all survived explants were viable
and resumed growth after 3 weeks on the new fresh medium and
achieved 100 % survival.

Concerning sugars concentrations, data revealed that the highest
average shoot number/explants was recorded by explants stored on
MS medium supplemented with fructose at 40 gl™ and ribose at 20 gl
without significant difference between them. While, the lowest value
was obtained by ribose 30 gl™' and sucrose 50 g, As for the effect of
storage temperatures data showed that the highest number of
shoot/explants was obtained by 21°C (3.07). On the other hand, 15°C
and 17°C gave the lowest shoot number values (1.00). The interaction
between the two studied factors revealed that explants cultured on
medium containing fructose at 40 g’ and stored at 21°C gave the
highest shoot number. Meanwhile, the lowest values were obtained at
sugars concentrations stored at 15°C and 17°C. Regarding the effect of
sugars concentrations on the average proliferated shoot length, data
showed that the highest significant average shoot length (4.74 cm)
was recorded by sucrose at 60 gl'I. Concerning the effect of storage
temperatures it was observed that explants stored at 21°C gave the
highest significant value (5.70 cm) on the other hand the lowest value
was obtained at 15°C. The interaction between the sugars
concentrations and storage temperatures showed significant effect
where the highest values were recorded by fructose at 20 and 40 gl
ribose 30 and 40 and all sucrose concentrations treatment 21°C. The
lowest shoot length (cm) was obtained by fructose at 20 gl stored at |
15°C.

The obtained results emphasized the effect of sugar concentrations
and temperatures on the storage ability of shoot-tip explant Grand-
Nain banana cv. cultured in-vitro. In the present study, the main target
was more conducive to achieve the lowest growth rate and the highest
survival percentage by using minimal growth medium and without
subculturing for longer period.

Generally, it could be concluded that shoot-tip explants of Grand-
Nain banana cv. were successfully storage for 12 months on MS
medium supplemented with sucrose at 60 gl'] or ribose at 30 gl'l and



LS
Table (4): The effect of different sugar concentrations and tempera-tures on shoot number and length (cm) of shoot-3
tip explants Grand-Nain banana cv. after 12 months storage on shooting medium.

Temp. Shoot number Shoot length (cm)
S Means Means
ugar 15°C 17°C 21°C 15°C 17°C 21°C
20 1.00d 1.00d 2.66¢ 1.55 BC 1.33h 1.66 gh 6.00 a 300D
Fructose
o 30 1.00d 1.004d 2.33¢ 1.44C 2.30 e-h 2.76 ef 5.00 ab 335CDh
40 1.00d 1.00d 5.66 a 255 A 1.43h 2.53 efg 6.00a 332CD
20 1.00d 1.00d 433 b 211 A 2.53 efg 2.76 ef 4.33 be 321D
Ribose ‘ ' : i
o 30 1.004d 1.004d 2.00 cd 1.33C 2,46 efg 3.13 de 6.00 a 3.86 BC
49 1.00d 1.00d 233¢ 1.44C 3.00 def 3.33 de 6.00 a 411 B
40 1.c0d 1.004d 3.66Db 1.88 BC 2.00 fgh 2.53 efg 6.00 a 351CD
Sucrose
o 50 1.o00d 1.00d 2.00 c¢d 1.33C 3.00 def 333 de 6.00 a 411 B
60 1.00d 1.00d 2.66¢ 1.55 BC 3.90 cd 4.33 be 6.00 a 474 A
Means 1.00B° |1.00B 0TA 244 C 2938 5.70A°

Means followed by the same letters are not significantly different from each other at 5% level.

3Be101§ 04114 -uf O axgeiadia |, PUB UONELRUSIUO)) IeSNg Joapg
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incubated at 15 or 17°C. The stored explants resumed growth and
started the regencration within three weeks after transferring on
proliferation medium at 24°C.

Results indicated that the highest survival percentage and the
lowest average shoot number were achieved by storage shoot-tip
explants of Grand-Nain banana cv. on MS medium supplemented with
60 gl sucrose and 30 gl” ribose. These results are in agreement with
finding of Hammatt (1993) who reported that shoot tips from cultured
tissues of bird cherry (Prunus padus L.) maintained on media with
sucrose for 30 months were transferred to medium supplemented with
either fructose, glucose, sucrose each at (30 g/l) or sorbitol (20 g/l).
He mentioned that heavier cultures and more shoots were obtained
with fructose or glucose than with sucrose or sorbitol, while cultures
on sorbitol produced few shoots, and this was often hyperhydric. Most
axillary shoots on glucose and fructose elongated to give shoots 10
mm in length, while those on sorbitol or sucrose only rarely exceeded
5 mm. Ko et al, (1991) found that all the sugars tested were found to
be capable of extending the survival time of banana tissues and ribose
was the best followed by sucrose, glucose, fructose and lactose,

Marchal and Folliot (1992) mentioned that accumulation of dry
material of banana plants during in-vifro growth appears to be linked
to the quantity of sucrose concentration to be used during this stage
between 70 and 80 mg /1. The use of higher dose had adverse effect on
the quality of the plant obtained.

Panis et al., (1996) mentioned that increase in the sucrose levels
from 0.1 to 0.75M on MS medium results in a lowered survival rate of
banana meristem cultures at 25+2°C under continuous illumination. At
0.6M sucrose, only 17% of the inoculated bud display growth. At
0.75M, no buds regrow and all became brown. It is assumed that the
osmotic check at 0.75M is too high to result in blakining, which is a
normal reaction of living tissues to stress. 0.4 and 0.5M are especially
effective, resulting in a regrowth of 25 and 42.5% respectively. The
water content of pregrown meristematic clumps decreases gradually
with increasing concentrations of sucrose.

Data also revealed that storage of shoot-tip explants of Grand-
Nain banana cv. at 15°C and 17°C resulted the highest survival
percentage and the lowest average shoot number. This result's in
harmony with those of owned by Hassan (1996) who reported that
clusters of developed buds and shoot tip explants of banana can be
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stored at 15 °C for at least 12 months with higher survival percentage
when compared with survival percentage of explants storage at 27 °C.
Ko et al, (1991) showed that incubation of tissues on cheesecloth
over cotton saturated with 3% ribose solution at 17°C under light is
suitable for long-term storage of meristem-tip of Cavendish banana.
When these tissues were transferred to fresh MS medium, growth of
buds resumed within two weeks.
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