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ABSTRACT

The present research was carried out during three successive years {2000-
2002), in order to study the effect of Murashige and Skoog (1962) (MS) culture
medium supplemented with various concentrations of plant growth regulators on the
shoot proliferation from shoot tip explants and shoot multiplication in Malling Merton
106 (MM 106) apple roctstock cultures.

The main results can be summarized in the following points:

1- Shoot proliferation percentage from shoot tip explant, average number of
proliferated shoots per shoot tip explant and average length of profiferated
shoot were significantly the highest (96. 67% 7.79 and 2.36 cm, respectively)
on MS medium + 2.0 mg1 BA +0.2 mg1 NAA.

2- On MS medium + 1.0 mg1” BA + 0.5 mg1” ' Kin, the percentage of cultures with
multiple shoots from criginal shoot, average number of new proliferated shoots
per original shoot and average length of new proliferated shoot were superior,
during four successlve subcuitures.

3- In the 1%,2™ 39 and 4” subcultures, the percentage of cultures with multiple
shoots from original shoot was significantly the highest (90.00%, 96.67%,
100.00% and 93.33%, respectively). Average number of new proliferated
shoots per original shoot was significantly the highest (7.52, 9.79, 10.00 and
8.21, respectively). Average length of new proliferated shoot was significantly
the highest (2.65cm, 2.83cm, 3.00cm and 2.70cm, respectively).

INTRODUCTION

The apples (Malus domestica Borkh.) are an important fruit crop in
most regions of the world. Apple is considered as one of the important fruit
crops in Egypt. The total area devoted for appie cultivation reached 65141
feddan producing about 473588 ton of fruits according to the statistics of the
Ministry of Agriculture and Land Reclamation, Cairo, 2001.

Most of the increase on the new established apple orchards was
concentrated in Nubaria region (new cultivated area). Nowadays, "Anna" is
the most widely apple variety cuitivated in Egypt, especially in the new
reclaimed land. The suitable rootstock for this cultivar is Malling Merton 108
{semi — dwarfing rootstock). This rootstock is the most recommended apple
rootstock in Egypt (Bondok et al., 1987).

Apple can be propagated by various means of vegetative
propagation such as budding or grafting on rootstocks. The available
production of rootstocks that fit the Egyptian environments, through the
traditional means of propagation is unsufficient. Moreover, due to some
quarantine reguiations to prevent introducing of serious pathogens,
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importation on‘ rootstocks was lately suspended. Therefore, in vitro
propagation of apple would be of great importance.

Apple micropropagation has become a commercial reality. Scion and
rootstock cultivars of apple can be propagated through tissue culture
techniques (James et al., 1988; Predieri and Fasolo, 1989; Ancherani et af.,
1990; Druart, 1990 and Korban ef al., 1892).

The effects of genotype, explants and culture conditions on apple
shoot organogenesis have been studied (Bondok et al., 1987, Fasolo et af.,
1989; Dufour, 1990; Theiler — Hedtrich and Theiler — Hedtrich, 1990 and
Shawky et al., 1993).

High frequency shoot regeneration from in vitro leaves has been
succeeded with the clonal apple rootstocks M. 25, M. 26 and M. 27 (James &t
al., 1984; Jones et al, 1984; Predieri and Fasclo, 1989), otherwise, it was
more difficult for M. 9 and MM. 106 {James, 1987).

The first objective of this study was to develop a reliable technique to
obtain high shoot proliferation frequency from shoct tip explants of MM 106
apple rootstock. The second objective was to obtain high shoot muitiplication
frequency from proliferated shoots (derived from shoot tip explants) of MM.

106.
MATERIALS AND METHODS

The present investigation was carried out during three successive
years (2000-2002), in order to study the possibility of using tissue culture
technique for rapid and economical in vitro propagation of Malling Merton 106
(Malus pumila Mill.) apple rootstock (MM 106).

The effect of plant growth regulators on the shoot proliferation and
shoot multiplication stages for in vitro propagation of MM106 rootstock was
examined in this study.

1. Shoot Proliferation

The effect of the cyiokinin (benzyladenine) to auxin {a- naphthalene
acetic acid) ratio in culture media on shoot proliferation from shoot tip explant
cultures was studied in this work.

1.1. Plant Material

Shoot tip explants (2mm long) were excised under aseptic conditions,
from the new growing terminal shoots. These shoots were collected in March
2000, from actively growing shoots of four-year-cld trees grown in a private
orchard located at El-Nubaria region, El-Beheira Governorate, Egypt.

1.2. Sterilization

Shoot tip explants were rinsed with runninq tap water for 10 min.,
soaked in anti-oxidant solution containing 100 mg1™ ascorbic acid and 150
mg1’ citric .acid for 15 min according to Wang et af, (1994). Surface
sterilization of the shoot tips was carried out in a laminar flow hood by
immersing in 70% ethanol solution for one minute followed by dipping them in

1970



J. Agric. Sci. Mansoura Univ., 28(3), March, 2003

0.2% solution of mercuric chioride (HgCl,) for 3 min., followed by three rinses
in sterile distilled water, then transferred to culture tubes,

1.3. Culture Media

The effect of wvarious combinations and concentrations of plant
growth regulators in culture media on shoot proliferation from shoot tip
explants of MM106 apple rootstock were tested. The basic salts and vitamins
of Murashige and Skoog (1962) {(MS) were used at full strength for the in vitro
shoot proliferation. The culture media were supplemented with sucrose at the
rate of 30g1”. Bacto difco agar was added at the rate of 7917 Plant growth
regulators included benzyladenine (BA) at 0.0, 1.0, 2.0 and 3.0 mg?’ and o -
naphthalene acetic acid (NAA) at 0.0, 0.1, 0.2 and 0.3 mg1 were
supplemented solely or in various combinations and concentrations in MS
media.

The aseptic explants were cultured vertically in glass test tubes
{25x150 mm) containing 10.ml (each) of shoot proliferation media. One shoot
tip (explant) cultured in test tube. The test tubes were covered with cotton
and capped with aluminum foil. The pH of shoot proliferation media was
adjusted to 5.7 using NaOH and HCI before adding agar. These media
sterilized in an autoclave at 121°C for 20 min., then left to cool and harden for
24 hrs before being used.

1.4, Culture Conditions

All the shoot tip cultures were maintained in growth culture room
under controlled conditions, at 25+2°C, in a 16 hrs light period from
fluorescent famps (2 lamps per shelf), followed by 8 hrs dark pericd.
The shoot proliferation percentage calculated as follows:

Number of explants that proliferated shoots <100

Shoot proliferation % =
Total number of explants

The shoot proiiferation percentage, average number of proliferated
shoots per sheot tip explant and average length (cm) of preliferated shoot
were recorded after 4 weeks of explant culture. The shoot proliferation rate =
number of proliferated shoots per shoot tip (explant) in shoot tip cuitures after
4 weeks of culture. The resultant proliferated shoots (axillary shoots) were
used as a mother stock explants for the shoot multiplication experiments.

1.5. Statistical Analysis

In all experiments of shoot proliferation, each treatment consisted of
three replicates with ten expiants (shoot tips) each in a completely
randomized design and the statistical procedures were applied according to
Steel and Torrie (1980). The combinations between BA and NAA
concentrations in MS culture media were represented by 16 combinations as
indicated in Table (1) and took the combination code from C, to Cys.

2. Shoot Muitiplication
These experiments were performed to study the influence of
cytokinins benzyladenine (BA) and kinetin (Kin) combinations in culture
1971
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media on the shoot multiplication in the shoot cultures of MM106 apple
rootstock.

2.1. Plant Material

The proliferated shoots that were produced from the shoot tip
cultures {the former experiments) were excised under aseptic conditions and
transfered (individually) to culture tubes containing the shoot multiplication
media.

2.2, Culiure Media

The basic salts and vitamins of Murashige and Skoog {1962) (MS)
were used at full strength for the in vitro shoot multlpllcatlon The culture
media were supplement with sucrose at the rate of 30g1™". Bacto difco agar
was added at the rate of 7g1". Plant growth regulators included
benzyladenine (BA) at 0.0, 0.5, 1.0 and 2.0 mg1™ and kinetin (Kin) at the
same concentration mentioned before, were supplemented solely or in
various combinations and concentrations in MS cutture media. The pH of the
shoat multiplication media was adjusted to 5.7 before adding agar. The
culture tubes (25x150 mm) filled with 10ml (each) of shoot multiplication
media, covered with cotton and capped with aluminum foil. The culture media
autociaved at 121°C for 20 min, then left to cool and harden for 24 hr before
being used. Routine subculture of axillary shoots was carried out every 4
weeks up to four subcultures, One original shoot cultured in test tube. At the
end of each subcuiture (after 4 weeks), the new proliferated shoots were
used as a mother cullures for the subsequent subculture, individuaily
separated and transfered to a fresh multiplication medium.

2.3 . Culture Conditions
All the shoot cultures were grown at 25:2°C, in a 16/8 hrs light/dark
cycle with fluorescent light.
The shoot multiplication percentage calculated as follows:
No. of cultured tubes with multiple shoots

Total no. of cultured tubes

The percentage of cuitures with multiple shoots, average number of
new proliferated shoots (axillary shoots) that was produced from each original
shoot and the average length (cm) of new proliferated shoots was recorded at
the end of each subculture (after 4 weeks of original shoot culture). The
resuitant proliferated shoots from each subculture were used as a mother
stock explants for the next subculture.

The shoot multiplication rate = number of new proliferated shoots per
original shoot in shoot cultures at the end of each subculture (4 weeks). The
new preliferated shoots were used as a mother cultures for the subsequent
rooting experiments.

x100

Shoot multiplication % =

2.4 Statistical Analysis
In all experiments of shoot multiplication, each treatment consisted
from three replicates with ten original shoots for each in a completely
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randomized design and the statistical procedures were applied according to
Steel and Torrie (1980). The combinations between BA and Kin
concentrations in MS culture media were represented by 16 combinationg ag
indicated in Tables (2 to 4) and took the combination code from C, to Cis.

RESULTS AND DISCUSSION

1. Shoot Proliferation

Data concerning the effect of BA and NAA combinations on shoot
proliferation percentage from shoot tip explants, average number of
proliferated shoots per explant and average length (cm) of proliferated shoot
of MM 106 apple rootstock, are listed in Table {1).

1.1. Effect of BA and NAA combinations on the shoot proliferation
percentage

The results in Table (1) indicated that, shoot proliferation percentage from
shoot tip explant was significantly the highest (96.67%) on 2.0 mg1™”" BA + 0.2
mg1’ NAA combination (C). On the contrary, the lowest percentage
(10.00%) was resulted in 0.0 mgt” BA + 0.1 mg1"' NAA combination (Cs).

The data showed no shoot proliferation occurred (0.00%) on the MS cuiture
medium without the addition of growth regutators (C,).

1.2. Effect of BA and NAA combinations on average number of
proliferated sikcots per explant
In respect to the effect of BA and NAA combinations on average
number of proliferated shoots per shooct tip explant, the results in Table (1)
indicated that, average number of proliferated shoots per shoot tip explant
was significantly the highest (7.79) on 2.0 mg1™ BA + 0.2 mg1"' NAA
combination {Cyy). In contrast, the lowest average number (1.00) was
resuited |n 1.0 mg1"' BA+0.0mg1” NAA combination (CZ) 2.0 mg1 BA +
0.0 mg1” NAA combination (03) 0.0 mg1”" BA + 0.1 mg1™" NAA comblnation
(Cs), 0 0 mg1” BA + 0.2 mg1” NAA combination (Cg} and 0.0 mg1™' BA + 0.3
mg1” NAA combination (Cy3). On the other side, the data showed no shoot
proliferation occurred (0.00 %) on the MS cuiture medium without the addition
of growth regulators (C4).

1.3. Effect of BA and NAA combinations on average Ilength of
proliferated shoot

Results in Table (1) indicated that, average Iength of prohferated
shoot was significantly the highest (2.36 cm) on 2.0mg1™” BA + 0.2 mg1”
NAA combination {C4,). On the contrary, the Iowest average length {0.55 cm)
was recorded with 0.0 mgi”’ BA + 0.1 mg1”’ NAA combination (Cs). The
same results showed no shoot proliferation occurred (0.00%) on the MS
culture medium without the addition of growth regulators (C,).

1973



El-Sabrout, M.B.

Table (1): Efect of BA and NAA combinations on shoot proliferation
percentage, average number of proliferated shoots per
explant and average length (cm) of proliferated shoot of
MM106 apple rootstock cultures.

Growth Av. length
Combination regulato_{s in proﬁ?;:'::ion pf:l-if’;;tzf d (cn'_l) of
code mg1 (%) shoots/explant proliferated
BA | NAA shoot
Cy 0.0 0.0 0.00P 0.00J 0.00M
C, 1.0 0.0 20.00 L 1.001 1.00J
Ca 2.0 0.0 23.33K 1.001 1131
Cs 3.0 0.0 26.67 J 1.13 HI 136 H
Cs 0.0 0.1 10.00 O 1.00 | 0.55 L
Ce 1.0 0.1 46.67 G 171G 167F
Cs 2.0 0.1 40.00 H 1.50G 155G
Cs 3.0 0.1 36.67 | 127H 140 H
C 0.0 0.2 1333 N 1.00 | 064 L
Cig 1.0 0.2 86.67 B 6.19B 212 B
Cy 2.0 0.2 96.67 A 779A 2.36 A
Ciz 3.0 0.2 73.33C 500C 2.00C
Cis 0.0 0.3 16.67 M 1.001 0.84 K
Cia 1.0 0.3 50.00 F 2.00F 1.75 EF
Cis 2.0 0.3 53.33E 19 E 1.82 DE
Cis 3.0 0.3 60.00D 4.39D 190D
L.S.D. 0.05 1.565 0.229 0.094

Values followed by the same letters (in the same column) significantly are not differed at
the 0.05 level of probability.

From the overall results it is evident that in vitro shoot profiferation
of MM 106 apple rootstock could be achieved successfully through the
development of axillary shoots from shoot tip explants as a starting plant
material. These findings are in agreement with those reported by Bondok et
al. (1987); Yui et al. (1993); Turovskaya (1994), ShuiTac ef al. (1998);
XiaoXin et al. (1997); Khan et al. (1998) and JunBao et a/. (1999).

The results indicated that the combination of cytokinin (BA) and auxin
{NAA) appeared to be essential for shoot proliferation in MM 106 apple
rootstock cuitures. It is worthy to mention that shoot proliferation of MM 106
apple rootstock was accomplished on Murashige and Skoog (1962) medium
supplemented with BA combined with NAA. The highest values of the shoot
proliferation percentage from shoot tip explant (96.67%), average number of
proliferated shoots per shoot tip explant (7.79) and average length of
proliferated shoot (2.36 c¢m) obtained on MS medium + 2.0 mg1”' BA + 0.2
mg1"' NAA. These results are in accordance with those found by Machnik
and lisek (11995). They reported that MS medium containing 0.75 mg1™' BA +
0.05 mg1” NAA was used as the shoot proliferation medium in apple
rootstocks (P. 16 , P. 22, P. 14, P. 2 and P. 59).
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Such findings also partially agreed with those reported by Bondok et
al., (1987). They obtained the proliferated shoots from shoot tips of MM 106
apple rootstock, "Anna" and "Baladi" apple cultivars when were cultured on
the Murashige and Skoog (1962) medium containing 6.0 mg1™"' BA Onthe
same medium, the shoot proliferation rate was 6.25 shoot / explant (overall
the average ranged from 2.7 to 14.0). Moreover, Yui et af, {1993) found that
in vitro shoot proliferation in meristem cuitures of M.7 apple rootstock could
be successfully using BA alone at 0.5 — 2.0 mg1™". Also, Turovskaya (1994)
reported that shoot proliferation of apple rootstocks in MS medium depended
on BAP concentration, with 2-3 mg1”' being optimum for stocks. On the same
medium, the shoot proliferation rate was 2.7 — 5.0 shoot per explant.
Furthermore, ShuiTao et al., (1996) mentioned that, the best culture medium
for shoot proliferation of "Fuji” appie was MS medium supplemented with 1.0
mg1”' benzyladenine and 0.1 mg1™ IBA.

In this concept, Aklan et al., (1997) reported that half — strength MS
medium containing 2.2 pM BA, 0.5 uM IBA and 0.3 uM GA; was used as the
shoot proliferation medium in meristems of MM. 106 apple rootstock. The rate
of shoot proliferation / explant was 3.4. In the meantime, XiaoXin efal,
{1997) mentioned that, the shoot proliferation in shoot tips of 3 apple cultivars
was the best on culture medium containing 0.5 mg1”' BA + 0.2 mg1™ 1BA.
HaoRu et al. (1998} found that Murashige and Skooq {1962) medium
supplemented with BA at 2.0 mg1" and IBA at0.2 mg1” was used as the
shoot proliferation medium in shoot tips of Golden Delicious apple. Besides,
Khan et al (1998) reported that, sprouting frequency of shoot proliferation in
bud explants of apple cv. MM. 106 was the highest (73.75%) on MS medium
supplemented with BA at 1.5 mg1™

Recently, JunBao et al (1999) noticed that MS medium
supplemented with BA (0-15 mg1™), NAA (0 -5 mg1™), kinetin (0 - 0.5 mg1™)
and / or 2,4-D (0 - 5mg1™") was used as the shoot proliferation medium in
shoot tips of apple cv. Fuji. In addition, Modgil et al. (1999) reported that the
buds of apple cv. Tydeman's Early Worcester were grown to proliferated
shoots on MS rnedium + 4.4 pM BA + 2.8 uM GA; + 0.5 uM IBA.

2. Shoot Multiplication

Regarding the effect of BA and Kin. combinations on shoot
multiptication from criginal shoot {derived from shoot tip cultures) through four
subsequent subcultures (after 4, 8, 12 and 16 weeks of original shoot
culture}, data are listed in Tables (2 to 4).

2.1. Effect of BA and Kin. combinations on the percentage of
cultures with multiple shoots

The results in Table (2) indicated that, in the first subculture (after 4
weeks of original shoot culture), the percentage of cultures with multiple
shoots was significantly the highest (90.00%) on 1.0 mg1™ BA + 0.5 mg1™
Kin. combination (C;). On the contrary, the lowest percentage (3.33%) was
achieved in 0.0 mg1™”' BA +0.5mg1" Kin. combination (Cs). The data also
showed no multiplicated shoots occurred (0.00%) on the MS medium without
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the addlt:on of growth regulators (C,}. Similar trend was noticed in the 2™, 3°
and 4™ subcultures.

The results cleared that, in the second subculture (after 8Bweeks of
original shoot culture), the percentage of cultures wrth multiple shoots was
significantly the highest (96.67%) on 1.0 mgt’ BA + 0.5 mg1”’ Kin.
comblnatron (Cs). In contrast the lowest percentage {6.67%) was resulted in
0.0 mgt’ 'BA +0.5 mg1’ ' Kin. combination (Cs).

The data, also, indicated that, in the third subculture (after 12 weeks
of original shoot culture), the percentage of cultures wnth multiple shoots was
significantly the highest (100.00%) on 1.0 mgt’ BA+ 0.5 mgi” Kin.
combination (Cy). On the contrary the lowest percentage (10.00%) was
obvious in 0.0 mg1™” BA + 0.5 mg1™" Kin. combination (Cs).

As for, the fourth subcuiture (after 16 weeks of original shoot culture),
the results revealed that, the percentage of cultures with multiple shoots was
significantly the highest {93.33%) on 1.0 mg1" BA + 0.5 mg1'  Kin.
combination gCT) In contrast the lowest percentage (6.67%) was achieved
with 0.0 mg1” BA + 0.5 mg1"' Kin. combination (Cs).

Tabie {2): Effect of BA and Kin. combinations on the percentage of
cultures with multiple shoots (proliferated from shoot
cultures) of MM106 apple rootstock.

Growth |
Combination regulators Cuitures with muitiple proliferated shoots' (%)
code In mgj Lia Vi) —ra ]
BA (Kin| o ! 2 3 4
Subculture | Subculture | Subculture | Subculture
C, 0.0 |0.0] 0.00°P* 0.00P 0.00 P Q.00P
C, 0.5 10.0f 1667L 23.331L 2667 L 20.00 L
Ci 1.0 (0.0 2333K 30.00 K 33.33K 26867 K
Ca 20 100 30.00J 36.67 J 40.00 J 33.33 4
Cs 0.0 |05 3330 6.670 10.00 0 8.57 0
Cs 0.5 10.5] 70.00D 76867 D 80.00D 73.33D
C; 1.0 |05 80.00A 896.67 A 100.00 A 93.33A
Cs 20 (05| 63.33E 7000 E 73.33E 66.67 E
Cq 0.0 (1.0 667N 13.33N 16.67 N 10.00 N
Cio 0.5 (1.0 36671 43331 46.67 | 40.001
Cui 1.0 [1.0] 83.33B 90.00 B 93.33B 86.67B
Ciz 20 (101 7667C 83.33C 86.67C 8§0.00C
Ciz 0.0 {(2.0] 10.00M 16.67 M 20.00 M 13.33 M
Cia 0.5 ;20§ 43.33H 50.00H 53.33 H 46.67 H
Cis 1.0 |20 50.00G 56.67 G 60.00 G 53.33G |
Cis 20 (20| 5667F 63.33F 6667 F | 6000F |
L.S.D.0.05 0.832 0.832 0720 | 0720 |

*Walues refer to the percentage of original shoots that produced multiple shoots.

*Zero values indicate absence of muitiple shoots.

'Values followed by the same letters (in the same column) significantly are not differed at
the 0.05 level of probability,
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2.2. Effect of BA and Kin. combinations on average number of new
proliferated shoots

The results in Table (3) indicated that, in the first subculiure, average
number of new proliferated shoots per original shoot was significantly the
highest (7.52) on 1.0 mg1"' BA + 0.5mg1" Kin. combination (C7). On the
contrary, the lowest average number (2.00} was achieved in 0.5 mg1” BA +
0.0 mg1™ Kin. combination (C;), 0.0 mg1™ BA + 0.5 mg1" Kin combination
(Cs), 0.0 mg1" BA + 1.0 mg1™ Kin. combination (Cg) and 0.0 mg1™' BA +2.0
mg1" Kin. combinaticn (Cy3). The results alsa showed no multiplicated shoots
occurred (0.00) on the MS medium without the addition of growth regulators
{C1). Similar trend was noticed in the 2, 3" and 4™ subcultures.

The results cleared that, in the second subculture, average number
of new proiiferated shoots per originai shoot was significantly the highest
(9. 79) on 1.0 mg1”' BA +0.5 mg1™ Kin. combination $CT). In contrast, the
lowest average number (2.50) was resuilted in 0.0 mg1™ BA+ 0.5 mg1™ Kin.
combination {Cs).

The data, also, indicated that, in the third subculture, average
number of new proliferated shoots per original shoot was significantly the
highest (10.00) on 1.0 mg1'1 BA + 0.5 mg1"' Kin. combination (C;). On the
contrary, the lowest average number {3.00) was obvious in 0.0 mgl’ BA+
0.5 mg1™ Kin. combination (Cs).

As for, the fourth subculture, the results revealed that, average
number of new proliferated shoots per original shoot was significantly the
highest (8.21) on 1.0 mg1" BA + 0.5 mg1™" Kin. combination (C;). In
contrast, the lowest average number (2.00) was achieved with 0.0 mg1” BA
+ 0.5 mg1™ Kin. combination (Cs).

Table (3): Effect of BA and Kin. combinations on average number of new
proliferated shoots per original shoot of MM106 apple rootstock
cultures,

Combination Growit: ;19991q1amrs Ay, no. of new proliferated shoots/ original shoot
code BA Kin 1 2" 3 4"
Subculture Subculture] Subculture | Subculture
Ci 0.0 0.0 0.00L 3.00P 0.00 P Q.00

C: ~ 05 0.0 2.00K 386 L 4.75L 2671
1.0 ~ 0.0 243 400K 5.00 K 325K
N 20 0.0 2.56 ¢ 4.08)J 517J 3.60J
Cs ~ 0.0 0.5 2.00K 2500 3000 2.000
.. 0.5 0.5 518D 709D 842D 659D
7 1.0 0.5 7.52A 975 A 10.00 A 821A
Ce 2.0 0.5 458 E 5.29E 750E E4A0E
'l 0.0 1.0 2.00K 275N 340N 233M
10 0.5 1.0 2. 91H 4391 5431 3.831
1 1.0 1.0 6.12B 8.008B 9508 7818
e 20 10 591 C 772G BEIC 5716
1 0.0 2.0 2.00K 3.60M 4.50M 2.25N
1 0.5 2.0 3.00H 500H 6.15H 425H
Crs 1.0 2.0 360G 541G 578G 463G
Cis 2.0 2.0 400F B8.00 F 7.20F E00F
L.5.D.0.05 0.095 _0.084 0.048 0.045

Values followed by the same letters (in the same column) significantly are not
. differed at the 0.05 level of prabability. .
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2.3, Effect of BA and Kin. combinations on average length of new
proliferated shoot

The results in Table (4) indicated that, in the first subculture, average
length of new prohferated shoot was significantly the highest (2.65 cm)on 1.0
mg11 BA + 0.5 m91 Kin. combination (C;). On the contrary, the Iowest
average length (1.20 cm) was noticed in 0.0 mg1 BA + 05mg1 Kin.
combination (Cs). The results also showed no muitiplicated shoots occurred
(0.00) on the M3 medium without the addmon of growth regulators (C,). The
same trend was obvious in the 2™, 3™ and 4™ subcuitures.

The results indicated that, in the second subculture, average length of
new prolrferated shoot was sugnn‘“ cantly the highest (2.83 cm) on 1.0 mg1™
BA + 0.5 mg1” Kin. cornbination (C;} In contrast the lowest average length
(1.27 cm) was resulted in 0.0 mg1”' BA+ 0.5 mg1™” Kin. combination (Cs).

The same data indicated that, in the third subculture, average Iength
of new prollferated shoot was significantly the highest (3.00 cm) on 1.0 mg1”
BA + 0.5 mg1’ Kin. combination (C7). On the contrary, the lowest average
length (1.36 cm) was resulted in 0.0 mg1” "BA +0.5 mg1"' Kin. combination

(Cs)-

As for, the fourth subculture, the results revealed that, average length
of new prohferated shoot was significantly the highest (2.70 cm) on 1.0 mg?1™
BA + 0.5 mg1™ Kin. combination (Cy) in contrast the lowest average length
(1.20 cm) was resulted in 0.5 mg1’ "BA +0.0 mg1™' Kin. combination (Cy).

Table (4): Effect of BA and Kin. combinations on average length {cm) of
new proliferated shoot of MM106 apple rootstock cultures.

Growth
Combination niar?:llat;)_l;s Av. length (cm) of new proliferated shoot
Code ) = 7 3™ i
BA | Kin Subculture/Subculture;Subculture; Subculture

C1 0.0 | 0.0 0.00 K 0.00M 0.00 L 0.00 L
Ca 0.5 | 0.0 1.301 1.33K 1.42 K 1.20K
Ca 1.0 0.0 140 H 1.44 4 1561 J 1.32J
Cy 2.0 0.0 141 H 1.501 1.62 | 1.47 |
Cs 0.0 | 05 1.20J 1.27 L 1.36 K 1.23K
Ce 05 ;| 05 1.82D 2.040D 225D | 212D
Cy 10 { 05 265A 2.83A 3.00A 270A
Ca 2.0 0.5 172 E 1.90E 218 E 210D
Co 06 | 1.0 1.331 1.44 J 1.50J 1.33J
C1o 0.5 1.0 154G 1.62 H 1.77 H 1.54 H
ICis 10 | 1.0 2408 2638 2828 2508B

12 20 [ 1.0 200C 225C 247 C 2.32C
Ci3 0.0 2.0 1.30 1 145 1.52J 1.34J
Cia 0.5 | 2.0 1.55G 1.72G 186G 1.65G

15 1.0 2.0 164 F 1.73G 180G 180F
C1a 2.0 2.0 160F 1.85F 210F | 192E |

L.S.D.0.05 0.048 0.031 0064 | 0030 |

Values followed by the same letters (in the same column) significantly are not differed at
the 0.05 level of probability.
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The obtained results clearly proved that shoot multiplication of MM
106 apple rootstock could be successfully achieved through four subsequent
subcultures from shoot explant cultures. These findings are in agreement with
those reported by El-Wakeel (1991), Shawky et al. (1993) and Modgil et a/.
(1999).

)The same results showed that, the combination of BA and Kin
appeared to be essential for shoot muitipiication in MM 106 apple rootstock
cultures. It is evident that shoot multiplication in MM 106 apple rootstock was
accomplished on Murashige and Skoog (1962) medium supplemented with
BA combined with Kin. The highest values of cultures percentage with
multiple shoots from original shoot, average number of new proliferated
shoots per original shoot and average length of new proliferated shoot
obtained on MS medium + 1.0 mg1™" BA + 0.5 mg1™ Kin . These findings are
in accordance with those reported by Modgil et af., (1999). They found that
the shoots of apple cv. Tydeman's Early Worcester were multiplied on MS
medium with 2.2 uM BA and 7.5 uM Kinetin.

The present results also partially agreed with those reported by E!-
Wakee! (1991). Who found that BAP (1 mg1™") gave higher significant shoot
multiplication rate for M26 apple rootstock shoots through four successive
subcultures. Furthermore, Shawky et al. (1993) reported that the highest
shoot multiplication rate for M26 appile rootstock shoots couid be achieved b¥
using MS basal medium supplemented with BAP at 1.0 mg1” + 162 mg1
phloroglucinol (PG) for the first two subcultures.

On the other hand, the results of the third subcuiture which gave the
highest values of the percentage of cultures with multiple shoots from original
shoot (100.00%), average number of new proliferated shoots per original
shoot (10.00) and average length of new proliferated shoot (3.00 cm)
compared to the other subcultures. These findings disagreed with those
obtained by El-Wakeel (1991) and Shawky ef al. (1993) who reported that the
first two subcultures gave the highest values of shoot multiplication rate in M
26 apple rootstock compared to those of the subsequent subcultures (third,
fourth and fifth subcultures).
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