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ABSTRACT

Aseplic cultures of banana cultivars (cvs) Maghraby (Mg}, Valery (V}, Grand
Nain (GN) and Hindy (H) were established from shoot tip explants. They were initiated
on MS-basal medium supplemented with 3 mg/l benzyl adenine (BA) and 6 g/l agar
(starting medium). Explants were transferred at 4 week intervals until the onset of
proliferation (about 2 months). Thereafter, 4 subcultures were made on multiplication
medium containing BA (5 mg/l). The produced shoots were used to evaluate the in
vitro responses of tested cultivars to water (osmotic) stress induced by PEG with
respect to the type of medium. Shool survival was gradually delayed by the elevated
levels of PEG (> 15 gfl), bud the response was more proncunced in Mg and V than GN
followed by H. Applying PEG (10 and 20 g/) to the medium progressively reduced the
in vitro growth and development of shoots, but the magnitude of this reduction was
more evident in case of Vand Mg than GN followed by H. However, the root growth
and development showed a contrary trend under the effect of PEG, but a similar
response under the effect of cuitivar. At 2 % PEG, medium liquefaction improved the
growth and development of both shoots and roots. Moreover, the cultivar H achieved
the highest values of these characters, whereas V and Mg had the lowest ones. It was
found that, the accumulation of total soluble sugars {TSS) and proline in shoots was
posilively correlated with water stress induced by PEG and agar, while the reverse
was true in case of N, P and K accumulation. Furthermore, the metabolite
accumulation (N, P, K, TSS and Praline) in shoots of PEG-treated media was superior
in the cuttivar H and inferior in Mg, Therefore, it was deduced that: (1) the cultivar H is
the most tolerant to water stress, (2) although, the cultivars GN, V and Mg did not
survive at 4.5% (WN) PEG, the cuitivar GN appeared to he more tolerant than V and
Mg, and (3) the higher [evels of metabolite accumuiation, especially proline end TSS,
enhance the plant tolerance to water stress.
Keywords:  Osmotic stress; Micropropagation; Survival, Nitrogen; Phosphorus;
Potassium; Sugars; Proline; Banana.
Abbreviations: BA= benzyl adenine; cv(s)= cultivar(s), DW= dry weight; FW= fresh
weight: GN= Grand Nain; H= Hindy; K= potassium; Mg= Maghraby;
MS= Murashige and Skoog; N= nitrogen; NAA= aipha-naphthalene
acetic acid; No or no= number; P= phosphorus; PEG = polyethylene
glycol; TSS = total soluble sugars; V= Valery.
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INTRODUCTION

Banana (Musa spp.), belongs to the family Musaceae, has become
one of the strategic crops in tropical countries due to its high income to the
farmers. Banana fruits represent & stable food or a part of the diet for about
milliard person all over the world (FAQ, 1992). They are seedless, thus the
plant is propagated vegetatively or in vitro. The in vilro propagation is
preferable because it allows the production of a large number of virus-free
plants in a relatively shorter time ancl smaller space.

Banana is cultured wherever water is available with respect to the
other environmental factors, Recently, it was introduced to desert regions
having relatively lower available water. This makes it necessary to investigate
the plant response to water stress during its micropropagation and under
greenhouse conditions.

Water stress could be induced in the micropropagation media by
adding osmotic and/or gelling agerits such as poiyethylene glycol {PEG) and
agar, respectively. The elevated levels of these agents may reduce the in
vitro growth and development by affecting both water and mineral uptake.
This in turn could affect both mobilization of nutrients (e.g., sucrose) and the
structural organization or synthesis of metabolites in the cultured tissues
{(Ebrahim and Ibrahim, 2000; Almansouri ef al., 2001). This effect could differ
among plant species or even the cultivars of a given species {(Dodd and
Donovan, 1998).

Despite the enormous studies on micrepropagation of banana, data
concerning the effect of gelling agents are relatively scarce (e.g., Ebrahim
and Ibrahim, 2000), and there is no information about the effect of PEG.
Therefore, the objective of this study was to compare the response of four
banana cultivars, cultured in vitro, to water stress caused by PEG with
respect to the type of medium. As a consequence, the most tolerant cultivar

was determined.
MATERIALS AND METHODS

Four cultivars of Musa spg., obtained from the experimental farm (Ei-
Kanater El-khayreia, Kalubiya, Egypt) of the Agricultural Development
Systems {ADS) Project (Giza, Egypt), served as the source material for shoot
tips during the study period {2000-2002). These cultivars included: Maghraby
{Mg), Valery (V), Grand Nain {GN) and Hindy {H).

Aseptic cultures were established from shoot tips which were
surface- sterilized in 3 % NaQC! solution (contained 0.1 % tween 20 as a
wetting agent) for 20 min. Thereafter, the tips were rinsed several times in
sterilized distilled water to remove all traces of chlorine. After removal of the
outside tissues, apical meristerns were vertically cultured for 4 weeks on MS
(Murashige and Skoog, 1962)-basal medium supplemented with benzyi
adenine {(BA, 3 mg/) and agar (6 g/l}. The growing explants were recultured,
at 4 weeks interval, on fresh media until the onset of proliferation (2 months,
starting stage). In order to obtain sufficient number of explants, the produced
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shoots were subcultured four times on solid MS-basal media supplemented
with 5 mag/l BA (multiplication stage).

To determine the lethal concentration of pclyethylene glycol (PEG)
for each cultivar, PEG-8000 was added to starting solid MS-basal media at
levels of 0.0, 5, 15, 25, 35 and 45 g/I. Thereatter, the praduced shoots were
cultured for 4 weeks on the previous media, then the percentage of survival
was determined.

PEG (0.0, 10 and 20 g/} was added to solid multiplication
{supplemented with 5 mg/l BA) and rooting (supplemented with 1 mg/l NAA)
MS-basal media, then the media were cultured with the produced shoots.
After 4 weeks, shoot growth and development were determined in the
muttiplication media, while reot growth and development were determined in
the rooting media. The different stages of banana micropropagation are
shown in Fig. 1.

Fig. (1). The different stages of banana micropropagation, (cv. Hindy).
A. Shoot tips were cultured on MS basal medium contained 3 mg/l BA
(starting stage).
B. Shoot proliferation on MS basal medium supplemented with 5 mg/l
BA {multiplication stage).
C. Root initiatlon on MS basal medium +1 mg/l NAA (rooting stage}.

In order to examine the effect of type of the medium, PEG {20 g/)
was added to multiplication and rooting MS-basal media each as liquid and
saolid, then the media wete cultured with the produced shoots. Aller 4 weeks,
shoot growth and development were determined in the multiplication media,
while the root growth and development were determined in the rooting media.
Shoot strength (viability and vigor) was caiculated as described by Ebrahim
and |brahim {2000) and presented as follows: (a) negative growth= 1, (b)
below average growth= 2, (¢} average growth= 3, {d) above average growth=
4, and (&) excellent growth= 5.

The previous experiments indicated that the obtained results of cvs
MG and V (especially in Table, 1) were nearly similar with no significant
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differences, so, one of them (MG) was selected to run the next experiment
with the other cuitivars.

To find an explanation for the obtained results, PEG (0.0, 10 and 20
g/l) was added to solid and liquid multiplication MS-basal media. The media
were then cultured with the produced shoots of the cultivars Mg, GN and H.
After 4 weeks, the obtained shoots were oven-dried and used to determine
some chemical constituents. Mixed-acid digestion method was used in
preparing the sample solution used for determination of N, P and K (Ebrahim
and Aly, 2002). Total-nitrogen content (N) was estimated using the micro-
Kjeldahi method (Jacobs, 1958). Phosphorus (P) content was
spectrophotometrically determined by molybdenum-blue method {Page,
1982). Potassium (K) was determined according to Allen ef al.{1974). Sugars
were extracted in borate buffer pH 8 {0.1 g DW/5 ml buffer), then total soluble
sugars {TSS) were determined by the method adopted by Shaffer and
Hartmann {1921). Proline, in etharnol extract, was quantified according to
Bates et al. (1973).

All media were distributed in 200 mi Pyrex-glass jars (25 miljar),
solidified with 0.6 % {w/v) agar, autoclaved for 20 min at121°C and 1.2
kgfcm’. then cooled and kept for 4-15 days before use. In all media, pH was
adjusted to 5.7 before solidification {(adding agar). All cultures were placed in
a growth chamber at 25+3 °C and 40 umol/m?/s continuous photosynthetic
photon flux provided by cool white fluorescent lamps.

All experiments were repeated twice, under controlied conditions,
and conducted by using a compietely randomized design in factorial
arrangement with 4 replicates at least. All data were averaged and
statistically analyzed by using two-and three-way analysis of variance
(ANOVA). In case of percentages, the original data were arcsine-transformed
prior to statistical analysis. The least significant difference (LSD) at the 0.05
level was used to compare between means directly (Steel and Torrie, 1980)
or indirectly by the multiple range test of Duncan (Duncan, 1955).

RESULTS AND DISCUSSION

PEG is a hydrophilic alcohol polymer, having a high water solubility,
and no toxicity {Fontana et al, 2001). We used it in our study as an inert
osmoticum because it is a non-penetrating solute {Almansouri et al., 2001). It
forms hydrogen bonds with water decreasing water potential of the culture
medium and finally inhibits water and mineral uptake. In this work, water
stress was prevailed by adding PEG to the culture medium. Consequently,
the experimental explants might be suffering from low water and nutrient
uptake (PEG problems). These prcblems were found to affect all the tested
characters described below,

Shoot survival was significantly influenced by PEG level and banana
cultivar (Table 1). It was gradua'ly delayed by the elevated levels of PEG (>
15 g/1), but the response was more evident in case of the cultivars {cvs) Mg
and V than GN followed by H. Although the cv H survived up to 4.5 % PEG,
the other cvs did not survive. There is no literature explaining such in vitro
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responses, but the effect of PEG level might be due to the PEG problems
described above, while the effect of banana cv could be explained on basis of
the cv ability to accumulate metabolites. Metabolite accumulation, especially
N, TSS and proline, amongst the tested cvs was in the order H>GN>Mg (see
Table 6). These results served for determining the PEG concentrations used
in the other experiments discussed below.

PEG treatments significantly reduced shoot multiplication and
biomass accumuiation, but the response was more pronounced in the cvs Mg
and V than GN followed by H (Table 2). The effect of PEG level might be
referred to the adverse effect of PEG on both mobilization of nutrients (e.g.,
sucrose) and the structural organization or synthesis of metabolites in the
cultured tissues (Ebrahim and lbrahim, 2000. Almansouri et al, 2001).
Whereas, the influence of cv could be explained on basis of the cv ability to
resist the stress conditions by accumulating the osmotically active
metabolites which contribute in the osmotic adjustment, in this regard, Liu et
al. {2001) revealed a positive correlation between sugar accumulation and
salt-tolerance of soybean cultured in vitro. In our study, the correlation
between the accumulation of TSS and proline (Table 6), and shoot growth
and development (Table 2) supports the above interpretations and should be
considered for explaining the vanation in stress tolerance amongst the tested
Cvs.

Table {1}. Effect of polyethylene glycol (PEG}on percentage of shoot
survival of in vitro cuftured cultivars of banana. Explants
were cuftured on MS basal medium contained 3 mg/l BA
starting medium) for 4 weeks.

. Polyethylene glycol concentration (g/)
Cultivars —575 5 15 25 35(i 45 | Mean
Mg 1000a |100.0a {95.0b |7500bc |20.0e (00g (650m
\' 100.0a |100.0a |900b |80.0b |200e 0.0 65.0 m
GN 100.0a [100.0a |100.0a |90.0b |50.0d |0.0g |73.31
H 100.0a [100.0a |100.0a |100.0a [70.0bc |200e |81.7 k
Mean 100.0r [100.0r |963r [86.3s |40.0t |5.0u
Values followed by the same letter are not signlficantly different { LSD at 0,05 level}.

increasing PEG concentration in the medium significantly increased
both root development and elongation, but the response was more obvious in
case of root development. Also, the magnitude of this increase was more
marked in the cv H than GN followed by V and Mg (Table 3). These results
agree with others obtained, in vivo, by Ebrahim ef al. (1998) and Aly et al.
{2001}. They could be alsc observed as an adaplive response of roots to
alleviate the inhibitory effect of PEG on water and nutrient uptake. Therefore,
the cv H appearing to be the most adapted, had the best root growth and
development {see Tables 1, 2 and 3).
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Table (2). Effect of polyethylene glycoi concentration (PEG} on shoot
growth and development of in vitro cultured cultivars of

banana. Explants were cultured on MS basal medium
contained § mg/f BA (muitiplication medium) for 4 weeks,
Treatments
Cultivars (A) W Shoot Nolexplants | Shoot FW (g)
06 3.02 488
10.0 1.96 0.73
200 | 212 0.4
0.0 3.00 0.88
10.0 2.01 .70
20.0 1 1.04 .44
0.0 3.04 0.83
[ 10.0 L 2.51 0.74
20.0 1.57 0.58
0.0 3.02 | 685
10.0 2.62 0.80 _
20.0 1.96 0.66
LSD at 0.05 Level for A 0.12 0.04
B 0.11 0.03
AxB 8.20 0.07

The influgnce of the cv and type of medium on the in vitro growth and
deveiopment of banana, cultured on/in media contained 2 % PEG, is shown
in Tables 4 and 5. It is obvious that the magnitude of growth and
development of both shoots and roots, amongst the tested cvs, was in the
order H>GN>V>Mg (Tables 4 and 5). These results are in line with those
recorded in Tables 2 and 3. Therefore, they could be also explained on the
same bases described above. Irrespective of cv, the medium liquefaction was
found to improve all tested attributes of growth and development of both
shoots and roots (Tables 4 and 5). This finding is in accordance with results
obtained by Ebrahim {2002} who attributed this response to: (1) a better
contact between explants and liquid medium which increases the availability
of growth stimulators and the ability for water and nutrient uptake, (2) difution
of any exudates, rom explanis, in the liguid medium, and/or (3) more
adequate aeration in the liquid medium, which enhances growth and
development.

In shoots of PEG stressed cvs, metabolite (N, P, ¥, TSS and proline)
accumulation seemed to be in the order H>GN>Mg (Table 6). This
arrangement illustrates the variation, amongst cvs, in the mean values of all
attributes recorded in the Tables 1-5. It alsc confirms that the magnitude of
the adaptive response is more pronounced in the cv H than GN followed by
Mg, Consequently, the cv H seemed to be more tolerant than GN, Mg and V.
However, increasing the level of PEG in the culture medium induced a
progressive decline in the contents of N,P and K within shoots of tested cvs,
whereas TSS and proline contents were significantly improved (Table 5).
These results are in accordance with others reported by several authors
(Bandurska, 200C; fPushpam and Rangasamy, 2000; Ronde ef al., 2000; Aly
et al, 2001 and Liu ef al., 2001) and could be due to: {1) the influence of PEG
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on medium pH which decreases the availability of P absorption (Aly et al.,
2001), and/or (2)the PEG problems described above. On the contrary to
PEG. medium tiquefaction significantly (P<0.01) improved N, P and K
contents.However, the accumulation of TSS and proline was retarded in
control explants, but enhanced in the PEG treated ones {Table 6). This
finding might be due to the advantages of liquid medium, which were reported
by Ebrahim and Ibrahim (2000} and Ebrahim (2002), and described in detail

above.

Table (3). Effect of polyethylene glycol concentration {PEG) on root
growth and deveiopment of in vitro cultured cuitivars of

banana. Explants were cuitured on MS basal medium
contained 1 mg/l NAA (rooting medium) for 4 weeks,

L Treatments Root Nolshoot Root
Cuitivars (A} PEG conc. (g/l) (B) Length {cm)
Mg 0.0 3.4 5.2

10.0 4.2 53
20.0 4.9 56
L\T 0.0 36 5.4
10.0 4.3 55
20.0 5.3 58 |
GN 0.0 3.8 5.6 ]
10.0 50 5.8
20.0 6.1 58
H 0.0 39 56
10.0 4.9 5.7
200 6.2 5.9
LSD at 0.05 Level for A 0.39 0.37
B 0.35 0.33
AxB 0.60 [ NS J

NS: non-significant

Table (4). Effect of type of medium on shoot growth and development of
in vitro cultured cultivars of banana. Explants were cultured
on MS basal medium contained Smg/l BA {multiplication
medium) and 20 g/l PEG for 4 weeks.

NS: non-significant, and - : significant difference at P < 0.01
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Treatments Shoot Shoot Shoot l:c;:fl
Cultivars (A) |Medium (B) | no/explants | FW (g} | strength sa A ost
y Solid 112 0.41 T4 238
. 9 Liquid 1.50 057 18 | 32
v Solid 1.04 0.44 12 | 29
Liquid 1.57 0.57 17 | 32
GN Solid 1.57 0.56 20 [ 32
if Liquid 193 0.66 23 | 38 |
Solid 1.96 0.66 2.7 34 |
A Liquid 222 0.71 3.1 42 ‘[
LSD at 0.05 Level for A 0.44 0.08 017 0.15
B ﬁ’. e w -
Ax8 NS NS | NS NS
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Table {5). Effect of type of medium on root growth and development of
in vitro cuftured cultivars of banana. Explants were cultured
on MS medium contalned 1 mg/l NAA (rooting medium) and

20g/l PEG for 4 weeks.
Treatments
Cultivars Medium (B) Root no/shoot Root length {[cm}
A}
i Solid | 4.3 56
M3 qud T 49 6.9
v Solid 43 5.8
__ Liquid 5.3 7.1
Solid 4.8 58
- GN  Miquid 6.1 8.1
H Solid 48 59
Liquid 6.2 8.4
LSD at 0.05 Level for A 0.38 0.49
B Lad e
AxB NS 0.70

NS : non-significant, and - : significant difference at P < 0.01.

Concluding remarks
Banana shoot tip explants could be successfully propagated when

they are:(1) surface sterilized in 3 % NaOCI solution for 20 min, (2) cultured
for 2 months on MS-basal mecium supplemented with BA (3 mg/l) and freshly
exchanged at 4 weeks interval, (3) multiplicated by subculturing (4 timesjon
MS-basal medium containing BA (5 mg/l), and (4) rooted on MS-basal
medium supplemented with NAA (1 mg/l). The in vitro response of the cvs
Mg. V, GN and H was influenced by application of PEG and the medium
liquefaction, but the magnitude of the response was cultivator dependent.
Shoot survival was developmentally delayed by the elevated levels of PEG (>
15 g/l), but the response was mare evident in Mg and V than GN followed by
H. Applying PEG (10 and 20 g/} to the medium progressively reduced the
growth and development of shoot, while the other of root were enhanced.
Medium liguefaction alleviated the detrimental effects of PEG in all tested
cultivars. It was concluded that the cultivar H is the most tolerant to water
stress induced by PEG and agar. Also, GN is more tolerant than V and Mg.
This conclusion was attributed to the impact of water stress on nutrient
absorption and mobilization which, in turn, affected the accumulation of most
chemical constituents in shocts.

5776



J. Agric. Sci. Mansoura Univ., 27 (9), September, 2002

Table (6): Effect of polyethylene glycol concentration (PEG) and type of
medium on some chemical constituents of shoots of in vitro
cultured banana. Explants were cultured on MS basal edium

contained 5 mg/! BA {multiplication medium) for 4 weeks.

Treatments TS+ | Profi
. PEG | Nimg/g | P (maig| Kimaig | ;159 ¢ (;?131:
Cultivars cone.{g/ Medium | DW) DW) DW) DW) g DW)
(A) B (€)
(B)
00 Solid 227 10.0 17.1 250 0.14
' Liquid 22.8 12.4 18.7 219 014
Solid 18 4 98 13.7 240 020
Mg 10.0 —
| Liquid 207 1.1 150 26.7 0.26
r | Soiid | 139 9.2 10.9 271 | 034
20.0 ——
Liquid 15.0 10.2 12.1 29.2 0.49
|
00 Solid 220 10.4 17.3 254 014
' Liquid 24.1 119 184 | 234 0.11
Solid 180 989 14.9 25.0 031
100 F——
GN Liquid | 21.6 11.4 16.0 28.2 0.38
Sofid 16.2 9.4 116 31.2 0.44
200 — -
Liquid 17.3 106 128 33.0 0.54
00 Solid 212 10.2 17.8 25.9 0.15
| ' Liquid | 23.4 126 18.6 235 | 013
'0.0 Solid 19.4 9.8 15.6 27.3 034
Ho ' Liquid | 225 11.8 16 4 30.0 0.44
20.0 Solid 17.8 8.7 12.0 330 0.51
’ Liquid 19.4 10.7 13.3 354 0.62
LSD at 0.05 Level for A 073 0.32 0.93 136 | 0.015
B 0.73 0.32 0.93 136 | 0.015
C L LA Lid L2 ERd
Ax8B 1.26 NS NS 186 | 0053
AxC NS NS NS | NS 0 024
BxC 1.03 0.46 NS NS 0.021
AxBXC | NS | N$ | NS | NS | NS |

NS : non - significant, and .. ; significant difference at P < 0.01.

* Total soluble sugars
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