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IN VITRO PROPAGATION OF THREE ALMOND CULTIVARS
AND THE ALMOND - PEACH HYBRID ROOT-
STOCK“HANSEN”

[31]

El-Hammady®, A.; Wafaa H. Wanas'; A. Abd El-Hamid® and M.J. El-Salem*

ABSTRACT

Stem node explants of three almond (Prunus dulcis Mill) cultivars (Om —
Elfahm, M-Dalt and Ne Plus Ultra) and the hybrid rootstock “Hansen” cv. were suc-
cessfully established and proliferated on Murashige and Skoog medium (MS) sup-
plemented with benzyl adenine (BA) at 0.0 - 2.0 mgl * and indol butyric acid (IBA)
at 0.0 - 0.1 mgl™ .The highest bud development percentage of stem node explant
was obtained with medium contained BA at 2 mgl™ with or without IBA at 0.1 mgl™
for M — Dalet and Ne Plus Ultra almond cultivars compared with other treatments.
The longest shoot during establishment stage was recorded by “Hansen” rootstock
cultured in MS with BA at 2.0 mgl™ plus IBA at 0.01 mgl™.Using BA at 1.0 mgl™
plus IBA at 0.1 mgl™ and BA at 2.0 mgl plus 0.05 or 0.1 mgl “gave the highest
number of proliferated shoots for Om — Elfahm, M-Dalt and Ne Puls Ultra cvs. and
“Hansen”, respectively in the 3™ subculture. The best average proliferated shoot
length was achieved with medium supplemented with BA at 1.0 mgl™ plus IBA at
0.05 mgl™ or 0.1 mgl™ for M-Dalt, Ne Puls Ultra and “Hansen” respectively, where-
as, using BA at 2.0 mgl ™ plus IBA at 0.1 mgl * recorded the longest average prolif-
erated shoot for Om- Elfahm cultivar. Microshoots were rooted in modified
Bourgin and Nitsch medium supplemented with IBA or NAA at 1.0 mgl™ only or
combination (0.2 IBA mgl™® + NAA 0.4 mgl™?, IBA 0.4 mgl™ + NAA 0.8 mgl™? and
IBA 0.5 mgl™ + NAA 1.0 mgl™). The large callus (more than 10 mm diameter) was
recorded with “Hansen” rootstock and Om — Elfahm treated by IBA at 0.4 mgl *
plus NAA at 0.8 mgl *. The greatest rooting percentage (66.67%) was obtained with
medium contained IBA at 0.2 or 0.4 mgl™ plus NAA at 0.4 or 0.8 mgl™ for “Hansen”
rootstock and Ne Plus Ultra shoots.

Key words: Propagation, Almond cvs., BA, IBA, Multiplication, Subculture,
Rooting.

INTRODUCTION T — budding on seedling rootstocks ,and

stem cutting which has given a slight suc-

Almond is one of the most important  cess (Hartmann et al 1990). The major
nut crops worldwide. It is propagated by  rootstocks used are peach and almond-
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peach hybrids (Channuntapipat et al
2003). Hansen was selected from a seed-
ling population of the cross “almond B x
peach selection 1-8-2”.The Hansen clones
immune to root-Knot nematode and phy-
tophthora crown. Hansen is most useful
in calcareous soils and under marginal or
stressful conditions assuming good drain-
age is available (Hansen et al 1981 and
Kester and Asay 1986). The vegetative
propagation of almond clones as own-
rooted plants (without any rootstocks) is
difficult except with specific cultivars.
On the other hand micropropagation has
been difficult for almond cultivars, alt-
hough some success has been achieved
with two almond genotypes (cvs. Super-
nova and rootstock Sel.M51) (Hartman
et al 1990 and Caboni & Damiano,
1994).

Variations in necessity of benzyl ade-
nine (BA) and indol butric acid ( IBA) in
the media used for the different almond
cultivars were obvious in the different
reports. For example, Rugini and Verma
(1983) reported that high concentration of
BAP promoted shoot proliferation, while
low concentration encouraged shoot
elongation for almond cultivars. Whereas
Gurel and Gulsen (1998) found that
during multiplication stage, BAP was
essential for shoot development, but high
levels (2 or 3 mgl ™) caused vetrifications
and callus formation. In the mean time,
the combination of 0.1 mgl *IBA and 1.0
mgl * BAP was the most effective in
terms of new shoot production and rate of
shoot growth in two almond cultivars
‘Texas” and “Nonpareil” under study.
Saeed (1998) found that the best survival
percentage was noticed on MS medium
supplemented with IBA at 0.1 mgl * or
BA at 0.5 mgl * or both and the highest
proliferation rate for two almond cultivars

(Ne Plus Ultra and Nonpareil ) was
achieved on MS medium supplemented
with BAP at 2.0 mgl . Also, the same
results were obtained for Non Pareil 15-1
and Ne Plus Ultra using 3 — 5 Mu BAP
for shoot proliferation respectively and 1
Mu BAP for shoot elongation. However,
a low concentration of IBA at 0.049 Mn
was necessary for the almond cultivars to
promote longer shoots when compared to
the same medium without IBA (Chan-
nuntapipat et al 2003).

Almond is a difficult to root species.
Rooting is also poor in- vitro , however,
satisfactory rooting was obtained only in
a few cultivars and peach x almond root-
stock “Hansen” (Rugini & Verma 1983
and Wanas, 1999). Caboni and Dami-
ano (1994). Induced root in two almond
genotypes on Bourgin and Nitisch medi-
um , containing 50 g / liter sucrose , with
IBA (10 uM) or IAA (10 uM).The dark
treatment and the type of auxin used
played an important role in the rooting of
almond genotypes.

Accordingly, this work aimed to de-
termine the effect of different levels of
BA and IBA during the stages of micro-
propagation for three almond cultivars
(Om-Elfahm, M-Dalet and Ne Plus Ul-
tra) and the hybrid rootstock “Hansen
536”. In addition, methods are reported
for successful rooting.

MATERIAL AND METHODS

This work was carried out during two
successive years 2003 and 2004 in the
Tissue Culture Laboratory, Horticulture
Department, Faculty of Agriculture, Ain
Shams University, Cairo. This study was
performed for In vitro propagation of
almond cultivars and Hansen rootstock.
Three almond cultivars (Om-Elfahm, M-
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Dalt, Ne Plus Ultra) and the hybrid root-
stock “Hansen” were used through out
this study.

Apical parts of shoots (10-15cm) long
were taken from adult trees during the
growing season .The trees were about 8
years old planted in the orchard of Facul-
ty of Agricultural, Ain Shams University
, Shoubra El-Kiema , Cairo .

2. 1. Culture procedure

After removing leaves the shoots were
put under running tap water for about one
hour then sterilized under laminar flow
hood condition .Sodium hypochlorite
solution was prepared using commercial
bleach “Clorox” (5.25 % available chlo-
rine) at 10 % concentration. The shoots
were dipped for 8 minutes in such solu-
tion before rinsing three times in sterile
distilled water 10 minutes for each rins-
ing. After that stem nodes were prepared
and cultured in establishment culture me-
dia. The pH of different media was ad-
justed at 5.7 before autoclaving at 100 K.
pa (15 P.S.l) and 121°C for 20 minutes,
then left to cool and harden for 24 hours
before being used of the.

The cultures of the different experi-
ments were incubated at temperatures
almost maintained between 24+2°C and
photoperiods of 16 hour day and 8 hour
night supplied by fluorescent lamps (two
lamps per shelf to provide light intensity
of 2200 — 2400 lux at explants level 30
cm from light).

2.1.1. Establishment experiment

Each stem node explant was separate-
ly cultured in test tubes (150 x15 mm)
filled with 10 ml of Murashige and
Skoog (1962) (MS) full strength medium
plus 30 g sucrose, 7gl™ agar and supple-

mented with benzyl adenine (BA) at 0.0,
0.5, 1.0 and 2.0 mgl™ either alone or in
combination with indole butyric acid
(IBA) at 0.0, 0.01, 0.05 and 0.1 mgl™.

Bud development percentages, and
shoot length (cm) were determined after
four weeks .The experiment was repeated
three times at least.

The experiment was arranged in a
completely randomized design with 16
treatments for each cultivar (4 BA treat-
ments x 4 IBA treatments) in a factorial
experiment with five replicates (three
explants for each replicate).

2 .1.2. Multiplication experiment

Approximately  uniform  growing
shoots (about 1.5 cm in length) were
aseptically transferred after four weeks to
proliferation medium which was consist-
ed of MS salts and vitamins plus one of
the following BA and IBA levels :

1. BA 0.0+ IBA 0.0 mgl™ (control)
2. BA 1.0+ IBA 0.05 mgl™

3. BA 1.0+ IBA 0.1 mgl™*

4. BA 2.0+ IBA 0.05 mgl™

5. BA 2.0+ IBA 0.1 mgl™

The shoots were cultured into glass
jars (350 mm) filled with 30 ml of medi-
um. The proliferated shoots were subcul-
tured into fresh medium after four weeks
and another two subcultures on the same
media were performed every four weeks.
Average number and length of shoots
(new proliferated shoots) were recorded
each subculture during the multiplication
stage.

The experiment was arranged in a
completely randomized design with 15
treatments for each cultivar [5 treatments
of (BA+IBA) x 3 subcultures] in a facto-
rial experiment with five replicates (three
explants for each replicate).
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2.1.3. Rooting experiment

Uniform proliferated shoots (about 1-
2 c¢m in length) were transferred to test
tubes 150 x15 mm filled with 10ml of
rooting medium, which consisted of mod-
ified full strength Bourgin and Nitsch
(1967) medium supplemented with 30g
sucrose, 7 gl™* agar and IBA or NAA at
1.0 mgl™ only or combination (0.2 IBA
mgl™ + NAA 0.4 mgl™, IBA 0.4 mgl™ +
NAA 0.8 mgl* and IBA 0.5 mgl* +
NAA 1.0 mgl™). During rooting experi-
ment the shoots were incubated in con-
stant dark for one week then transferred
to normal light regime for three weeks.
The following measurements were rec-
orded after 4 weeks on rooting medium,
callus formation scale and rooting per-
centage.

Rooting percentage =
Number of rooted shoots

100
Total number of shoots

El-Hammady; Wanas; Abd El-Hamid and El-Salem

The experiment was arranged as a fac-
torial experiment in a completely ran-
domized design (5 treatments x 4 culti-
vars x 3 replicates) with three shoots for
each replicate. Duncan’s multiple range
test at 5% level was used in the three
studied experiments. to verify the differ-
ences between means of the treatments
(Sendecor and Cochran, 1982).

RESULTS AND DISCUSSION

3.1. Effect of growth regulators (IBA
and BA) during establishment
stage

3.1.1. Effect on bud development per-
centages and shoot length of
Om-Elfahm almond cv.

Data in Table (1) illustrated the effect
of IBA and BA levels on bud develop-
ment percentages and shoot length of
Om-Elfahm almond cv. during estab-
lishment stage.

Table 1. Effect of BA and IBA levels on bud development percentages and shoot length
of Om-Elfahm almond cv. during establishment stage.

BA mgl™ Bud development%
IBA mgl™ 0.0 0.5 1.0 2.0 Mean
0.0 20.10d 60.00ab  46.67bc  60.00ab  46.60 A
0.01 46.67bc 73.34a 53.34bc  66.67ab  60.00 A
0.05 53.34bc 33.34cd  53.34bc  46.67bc  46.67A
0.1 33.34cd 46.67bc  60.00ab  33.34cd 4334 A
Mean 38.35A" 5334A° 3534A 5167A
BA mgl* Shoot length (cm)
IBA mgl™ 0.0 0.5 1.0 2.0 Mean
0.0 1.28g 150c-e  1.58b-d  1.71b 1.52 A
0.01 1.23g  1.63bc 2.05a 1.57 b-d 1.62 A
0.05 1.38e-g 145df  213a 1.61 b-d 1.64 A
0.1 1.30 fg 1.68b 1.73b 1.48 c-e 1.55 A
Mean 1.30C° 1578 1.87 A 1.59 B°

* Means followed by the same letter (s) are not significantly different from each other at 5 % level .
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Data revealed that the highest mean
bud development was noticed with IBA
at 0.01 mgl™. Insignificant differences
were noticed among all the used IBA
concentrations on bud development per-
centage.

Regarding BA specific effect, BA at
0.5 mgl™ exhibited the highest bud devel-
opment also in significant differences
among all tested BA levels on bud devel-
opment were existed. Interactions be-
tween the two studied variables, cleared
that the highest significant bud develop-
ment percentage was achieved with BA
at 0.5 mgl™ plus IBA at 0.01 mgl™, fol-
lowed by BA at 2.0 mgl™ plus IBA at
0.01 mgl™ without significant differences
between them. Whereas, control treat-
ment (medium without BA or IBA)
showed the least significant bud devel-
opment (20.0%)

Concerning shoot length, there were
no significant differences among all IBA
treatments on shoot length. Whereas, BA
at1.0 mgl* showed the highest value

(1.87 cm) of shoot length, followed by
BA levels at 2.0 and 0.5 mgl™ without
significant differences among them. On
the contrary, the lowest value (1.3 c¢cm)
was noticed with control medium (BA at
0.0 mgl™). The interactions between IBA
and BA levels, showed the highest signif-
icant shoot length (2.13 and 2.05 cm)
when BA was 1.0 mgl™ plus IBA at 0.01
mgl™or 0.05 mgl™?, respectively without
significant differences between them. The
lowest significant shoot length (1.23 cm)
was recorded with media without BA and
supplemented with IBA at 0.01 mgl™,
respectively.

3.1.2. Effect on bud development per-
centages and shoot length of M -
Dalet almond cv.

Data presented in Table (2) showed
the effect of IBA and BA levels on bud
development percentages and shoot
length of M-Dalet almond cv. during es-
tablishment stage.

Table 2. Effect of BA and IBA levels on bud development percentages and shoot length
of M —Dalet almond cv .during establishment stage.

BA mgl™ Bud development%
IBAmgl * 0.0 0.5 1.0 2.0 Mean
0.0 46.67 ¢ 53.30bc 53.33bc  53.33bc 51.65 A
0.01 53.34 bc 60.00a-c 66.67a-c  60.00a-c 60.00 A
0.05 60.00a-c 66.67a-Cc 73.33ab  53.33bc 63.33 A
0.1 53.34bc 66.67a-C 53.33bc  80.00 a 63.33 A
Mean 53.34 A° 61.66 A 61.66A" 61.66A"
BA mgl™ Shoot length (cm)
IBA mgl™ 0.0 0.5 1.0 2.0 Mean
0.0 1.009g 2.15¢c 241ab 1.85de 185 A
0.01 1.15fg 2.19c 242 a 1.67e 1.86 A
0.05 1.25f 2.23 a-c 2.16¢c 1.94d 190 A
0.1 1.32f 2.21 bc 2.29a-c 1.78de 190 A
Mean 1.18C 219A 232A° 181B°

* Means followed by the same letter( s) are not significantly different from each other at 5 % level .
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Specific effect of IBA levels cleared
that IBA at either 0.05 or 0.1 mgl™
showed the highest values with no signif-
icant differences detected among all the
used IBA concentrations on bud devel-
opment percentage. Also, means of BA
levels, showed insignificant differences
among all tested BA levels which gave
higher values for bud development com-
pared to control. Regarding interaction
between the two studied factors, data
showed that bud development percentage
exhibited significant differences in the
most cases, and the highest value of bud
development percentage was noticed with
BA at 2.0 mgl™ plus IBA at 0.1 mgl?,
whereas, the least significant value was
noticed with the untreated shoots.

Regarding effect of IBA levels on
shoot length, insignificant differences
were noticed among all used IBA concen-
trations. As for the effect of BA levels on
shoot length, data showed that the highest

El-Hammady; Wanas; Abd El-Hamid and El-Salem

significant shoot length (2.32 and 2.19
cm) were obtained by BA at (1.0 mgl™
and 0.5 mgl™, respectively without signif-
icant differences between them. On the
other hand, the least significant shoot
length was noticed with control shoots.
Concerning the interaction between the
two studied variables, the highest mean of
shoot length was obtained with (BA at
1.0 mgl™ either alone or plus IBA at 0.01
mgl™. Whereas, the lowest value was
recorded by media without BA and IBA.

3.1.3. Effect on bud development per-
centages and shoot length of Ne
Plus Ultra almond cv

Data in Table (3) showed that effect
of IBA and BA levels on bud develop-
ment percentages and shoot length of Ne
Plus Ultra almond cv. during establish-
ment stage IBA at 0.0 or 0.05 mgl*
showed the highest bud development %.

Table 3. Effect of BA and IBA levels on bud development percentages and shoot length
of Ne Plus Ultra almond cv. during establishment stage.

A mgl? Bud development %
IBA mgl™ 0.0 0.5 1.0 2.0 Mean
0.0 53.34 bc 66.67 ab 53.34 bc 80.00 a 63.34A
0.01 53.34 bc 60.00 bc 66.67 ab 60.00 bc 60.00 A
0.05 60.00 bc 66.67 ab 73.34 ab 53.34 bc 63.34 A
0.1 40.00 ¢ 53.34 bc 66.67 ab 53.34 bc 53.34 A
Mean 51.67A 61.67A 65.00A" 61.67A
BA mgl™* Shoot length (cm)
IBA mgl 0.0 0.5 1.0 2.0 Mean
0.0 1.20 fg 1.36f 1.89 bc 1.62 de 151B
0.01 1.00 h 1.58 de 2.30a 1.89 bc 1.70 A
0.05 1.12 gh 1.63 de 1.97b 1.75cd 1.62 AB
0.1 1.15gh 1.88 bc 156 e 153¢e 153B
Mean 1.61B° 1.92 A 1.70B° 1.70B°

* Means followed by the same letter (s) are not significantly different from each other at 5 % level .
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No significant differences were no-
ticed among all used IBA concentrations
and control treatment in mean bud devel-
opment percentages. Data, also showed
that BA at 1.0 mgl™ exhibited the highest
bud development percentage without
significant differences among all the test-
ed BA levels and control one .The inter-
actions between the IBA and BA levels,
showed that the highest significant bud
development  percentage was noticed
with BA at 2.0 mgl ™ without IBA.

Meanwhile, the least value was rec-
orded with IBA at 0.1 mgl™ without BA.

The specific effect of IBA levels on
shoot length cleared that the greatest sig-
nificant length (1.70 cm) was obtained
with IBA at 0.01 mgl™, followed by IBA
0.05 mgl™, without significant differences
between them. The least shoots length
(1.51 and 1.53 cm) were noticed with
IBA at 0.0 and 0.1 mgl™ without signifi-
cant differences between them.

Regarding the effect of BA levels, da-
ta showed that the highest significant
shoot length (1.92 cm) was recorded with
BA at 0.5 mgl . On the other hand, con-
trol treatment gave the lowest shoot
length (1.61 cm). Data exhibited a signif-
icant interaction between the two studied
factors, where the greatest shoot length
was recorded with medium supplemented
with BA at 1.0 mgl™ plus IBA at 0.01
mgl™ and the least value was noticed by
medium supplemented with IBA at 0.01
mgl " without B.

3.1.4. Effect on bud development per-
centages and shoot length of
Hansen rootstock

Data in Table (4) declared the effect
of IBA and BA levels on bud develop-
ment percentages and shoot length of

Hansen rootstock (almond x peach) dur-
ing establishment stage.

Concerning the effect of IBA levels,
data showed that IBA at 0.01 mgl™ gave
the highest percentage of bud develop-
ment without significant differences
among all IBA levels and (the control).
As for BA levels it is obvious that in-
creasing BA concentration resulted on
insignificant increase in bud development
percentages where the highest value was
achieved by BA at 2.0 mgl™. The interac-
tions between the two studied factors
showed significant high bud development
percentage with BA at 2.0 mgl™ plus IBA
at 0.01 mgl™. Whereas, control (medium
without BA and IBA) showed the least
significant value.

Regarding the specific effect of IBA
levels on shoot length, the highest per-
centage of shoot length was obtained by
IBA at 0.01 mgl ™, followed by IBA at
0.0 and 0.05 mgl ™ without significant
differences among them. Concerning the
effect of BA levels, BA at 1.0 and 2.0
mgl™ exhibited the highest significant
shoot length. Meanwhile ,the least shoot
length was found in control explants. The
interactions between IBA and BA levels
showed a significant effect, where (BA
at 1.0 mgl™ plus IBA at 0.01 mgl™) pro-
duced the highest shoot length in Hansen
rootstock .On the contrary, BA at 0.0
mgl™ under all IBA levels produced the
shortest shoot length without significant
differences.

The results during establishment stage
showed that the highest bud development
percentages were obtained with medium
contained BA at 0.5 mgl™ plus IBA at
0.01 mgl? for Om- Elfham, BA at 2.0
mgl™ plus IBA at 0.1 mgl * for M—Dalet
and Hansen, while Ne Plus Ultra recorded
the highest bud development with BA at
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Table 4. Effect of BA and IBA levels on bud development percentages and shoot length
of Hansen rootstock (almond x peach) during establishment stage.

A mgl™ Bud development %
IBA mgl ™ 0.0 0.5 1.0 2.0 Mean
0.0 33.43c 53.34 a-c 66.67 ab 66.67ab  55.00 A
0.01 66.67 ab 60.00 ab 60.00 ab 73.34 a 65.00 A
0.05 46.67 bc 66.67 ab 60.00 ab 53.34a-c  56.67 A
0.1 66.76 ab 46.67 bc 66.67 ab 66.67ab 61.67 A
Mean 53.34A° 56.67 A’ 63.34 A 65.00 A
A mgl? Shoot length (cm)
IBAmgl ™ 0.0 0.5 1.0 2.0 Mean
0.0 115¢g 1.87 ef 2.38 ab 2.17 cd 1.90 AB
0.01 1.09g 1.87 ef 251a 2.31bc 194 A
0.05 125¢g 2.20 b-d 1.77f 2.23 bc 1.86 AB
0.1 1.25¢g 1.90 ef 2.03 de 1.93 ef 1.78B
Mean 1.19C 1.96 B 217 A 216 A

* Means followed by the same letter(s) are not significantly different from each other at 5 % level

2.0 mgl™* without IBA. The longest shoot
was recorded by BA at 1.0 mgl™® plus
IBA at 0.01 mgl™ for all the considered
cultivars.

As far as the previous work in such
subject concern, just one report from
those dealing with almond micropropaga-
tion has mentioned the importance of the
addition of 0.5 mgl* BA plus 0.1mgl™
IBA on the survival percentages and
growth parameters of almond. (Saeed
1998) In addition Eldeen et al 1998
found that MS medium supplemented by
IBA 0.1 mgl* plus BAP at 0.5 mgl™*
gave the best survival percentages and
growth parameters for two almond culti-
vars and two rootstocks of peach.

3.2. Effect of growth regulators (IBA
and BA) and number of subcul-
tures on multiplication rate

3.2.1. Effect on average number and
length of proliferated shoots /
explant for Om - Elfahm al-
mond cv.

Data illustrated in Tables (5 and 6)
showed the effect of IBA, BA levels and
number of subcultures on average number
and length of proliferated shoots / ex-
plant for Om — Elfahm almond cv. during
multiplication stage.

Concerning the effect of BA and IBA
levels, data cleared that the highest
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Table 5. Effect of BA, IBA levels and number of subcultures on average number of pro-
liferated shoots/ explant of almond cv Om- Elfahm during multiplication stage

Subcultures  1%sub- 2™ sub- 3" sub-
Treatments culture culture culture Mean
BA 0.0 +IBA 0.0 (control) 1.00f 1.05f 1.20f 1.08C
BA 1.0+ IBA 0.05 mgl™ 2.93e 6.10c 7.32ab 545 A
BA 1.0+ IBA 0.1 mgl™ 340e 6.10c 751a 5.67 A
BA 2.0+ IBA 0.05 mgl™ 2.86e 5.48d 7.10 ab 515B
BA 2.0+ IBA 0.1 mgl™ 3.06e 5.48d 6.80b 5.09 B
Mean 2.65C 4.83B° 598 A

* Means followed by the same letter(s) are not significantly different from each other at 5 % level

Table 6. Effect of BA, IBA levels and number of subcultures on average length of pro-
liferated shoots (cm) / explant of almond cv Om- Elfahm. during multiplica-

tion stage

Subcultures 1% sub- 2" sub- 3" sub-
Treatments culture culture culture Mean
BA 0.0 +IBA 0.0 (control) 1.77 f 254¢ 3.07d 2.46 B
BA 1.0+ IBA 0.05 mgl™ 2.59 e 484c 5.51 ab 431A
BA 1.0+ IBA 0.1 mgl™ 2.66 de 471c 5.63 ab 433 A
BA 2.0+ IBA 0.05 mgl™ 2.32¢e 476¢C 5.32b 4133 A
BA 2.0+ IBA 0.1 mgl™ 2.16 ef 457c 5.58 a 420 A
Mean 230C 4298 5.08 A’

Means followed by the same letter(s) are not significantly different from each other at 5 % level .

significant mean number of shoots / ex-
plant (5.67and 5.45) were achieved with
BA at 1.0 mgl™ plus IBA at 0.1 or 0.05
mgl™ without significant differences be-
tween them, followed by BA at 2.0 mgl™
plus IBA at 0.1 or 0.05 mgl™ also, with-
out significant differences between them.

The least value of average number of
shoots / explant was recorded with medi-
um without BA or IBA.

Regarding the effect of the number of
subcultures, data in Tables (5, 6, up to 12)
showed that the highest significant aver-
age number and length of shoots / explant
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were noticed during 3" subculture. With
advanced number of subcultures average
number and length of shoots / explant
increased . On the other hand, the first
subculture exhibited the least significant
number and length of shoots.

The interactions between the two
studied factors, showed a significant dif-
ferences in most cases, the highest num-
ber of shoots / explant (7.51) was ob-
tained with BA at 1.0 mgl ™ plus IBA at
0.1 mgl * during the 3" subculture with
slight difference between this treatment
and (BA at 1.0 mgl™ plus IBA at 0.05
mgl™and BA at 2.0 mgl™ plus IBA at 0.1
mgl™). The lowest values of average
number of shoots / explant (1.0, 1.05 and
1.20) were achieved with control treat-
ment without significant differences in
the first, second and third subcultures
respectively .As for the effect of BA and
IBA levels on average means shoot
length there was no significant differ-
ences among all the used BA and IBA
levels on the average length of proliferat-

ed shoot. However, control treatment
recorded the least average proliferated
shoot length.

The interactions between the two
studied variables, showed that the highest
significant value of the average prolifer-
ated shoot length (5.58cm) was noticed
with shoot treated by BA at 2.0 mgl™ plus
IBA at 0.1 mgl™ during the 3" subculture
.On the other hand, the lowest values
were recorded with all used treatments
(BA and IBA levels )during the 1% sub-
culture.

3.2.2. Effect on average number and
length of proliferated shoots /
explant for M-Dalet almond cv.

Data in Tables (7 and 8) showed the
effect of IBA, BA levels and number of
subcultures on average number and
length of proliferated shoots / explant for
M-Dalet almond cv. during multiplication
stage.

Table 7. Effect of BA, IBA levels and number of subcultures on average number of pro-
liferated shoots/ explant of almond cv M- Dalet during multiplication stage

Subcultures 1% sub- 2" sub- 3" sub-
Treatments Culture culture culture Mean
BA 0.0 +IBA 0.0 (control) 1.00 g 1.07g 1.05g 1.04E
BA 1.0+ IBA 0.05 mgl* 2.58¢ 3.65d 4.31hc 351C
BA 1.0+ IBA 0.1 mgl™ 2.00 f 2.99e 3.94cd 298D
BA 2.0+ IBA 0.05 mgl™ 3.00e 4.20 be 5.15a 412B
BA 2.0+ IBA 0.1 mgl™ 3.58d 459b 5.52a 456 A
Mean 243C 3.30B° 399A

Means followed by the same letter(s) are not significantly different from each other at 5 % level .
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Table 8. Effect of BA, IBA levels and number of subcultures on average length of pro-
liferated shoots (cm) / explant of almond cv of M- Dalet. during multiplication

stage

Subcultures 1% sub- 2" sub- 3" sub-
Treatments culture culture culture Mean
BA 0.0 +IBA 0.0 ( control ) 1.80d 1.92d 2.18d 197C
BA 1.0+ IBA 0.05 mgl'l 3.06c 4.17b 4.70 ab 3.98 A
BA 1.0+ IBA 0.1 mgl™ 3.35¢ 4.15b 481la 410 A
BA 2.0+ IBA 0.05 mgl™ 3.38¢ 4.74 ab 4.75 ab 429 A
BA 2.0+ IBA 0.1 mgl™ 3.00c 3.46¢C 4.44 ab 3.63B
Mean 291 C 3.69B° 417 A

Means followed by the same letter(s) are not significantly different from each other at 5 % level .

The specific effect of BA and IBA
levels showed the highest mean number
of shoot / explant (4.56) with BA at 2.0
mgl™ plus IBA at 0.1 mgl™ followed by
BA at 2.0 mgl™ plus IBA at 0.05 mgl*
with significant differences between
them. On the contrary, the least mean
number of shoots were noticed with con-
trol treatment. An evident increase in
number of shoots / explant took place
with increasing IBA concentration when
used with 2 mgl™ BA .

The interactions revealed that medium
supplemented with BA at 2.0 mgl™ plus
IBA at 0.05 or 0.1 mglduring the 3"
subculture exhibited the highest average
number of shoot with insignificant differ-
ences between them. Lower values were
recorded using control treatment during
the 1%, 2" and 3™ subcultures.

As for the effect of BA and IBA lev-
els on the average length of M- Dalet cv.,

data showed that no significant differ-
ences between the treatments which con-
tained BA at 1.0 mgl™ plus IBA at 0.05 or
0.1 mgl™ and that one containing BA at
2.0 mgl? plus IBA at 0.05 mgl™* which
exhibited the longest average  shoot
length, whereas control treatment record-
ed the lowest shoot length.

The interactions between the two
studied factors showed the highest sig-
nificant value of shoot length (4.81cm)
with medium contained BA at 1.0 mgl™
plus IBA at 0.1 mgl™ during the 3" sub-
culture, followed by (4.75 and 4.74 cm)
with BA at 2.0 mgl™ plus IBA at 0.05
mgl™ during the 3" and 2" subcultures.
The least values (1.80,1.92 and 2.18 cm)
were noticed with control treatment dur-
ing 1%, 2" and 3 subcultures, respec-
tively, it means that the effect of subcul-
ture was not significant unless balanced
levels of BA and IBA are existe.
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3.2.3. Effect on average number and
length of proliferated shoots /
explant for Ne Plus Ultra al-
mond cv.

Data in Tables (9 and 10) showed the
effect of IBA, BA levels and number of
subcultures on average number and
length of proliferated / explant for Ne
Plus Ultra almond cv. during multiplica-
tion stage.

From the data on the effect of BA and
IBA levels, it seems that the highest aver-
age number of shoots/ explant (4.31) was
obtained when treating shoot by BA at
1.0 mgl * plus IBA at 0.05 mgl * .Data
,also, showed that the least mean number
of shoots was noticed with control (zero
BA and IBA)(1.02).

The interactions between the two
studied factors, cleared that the highest
significant average number of shoots
(5.35, 5.16 and 5.29) were noticed with
medium containing BA at 1.0 mgl™ plus
IBA at 0.05 mgl™ and BA at 2.0 mgl™*
plus IBA at 0.1or 0.05 mgl™) during 3"

El-Hammady; Wanas; Abd El-Hamid and El-Salem

subculture, respectively with no signifi-
cant differences among them. On the con-
trary, the least significant values were
noticed with control treatment (BA 0.0 +
IBA 0.0) during the 1%, 2" and 3™ sub-
cultures.

Concerning the effect of BA and IBA
levels on shoot length, (Table 10) data
showed a significant differences in aver-
age proliferated shoot length among all
the used treatments .The highest value of
average shoot length (3.63 cm) was rec-
orded with shoots treated by BA at 1.0
mgl™ and IBA at 0.05 mgl™. Increasing
BA and IBA concentrations resulted in a
significant decrease in average shoot
length.

The effect of interactions between
BA, IBA levels and number of subcul-
tures, data showed that the greatest shoot
length was cleared in medium supple-
mented with BA at 1.0 mgl™ plus IBA at
0.05 mgl™ during 3" subculture. On the
contrary, the shortest shoot was noticed
with control treatment during 1% subcul-
ture.

Table 9. Effect of BA, IBA levels and number of subcultures on average number of
proliferated shoots/ explant of almond cv. Ne Plus Ultra during multiplication

stage

Subcultures 1% sub- 2" sub- 3" sub- Mean
Treatments culture culture culture
BA 0.0 +IBA 0.0 (control) 1.00g 1.05¢ 1.00 g 1.02C
BA 1.0+ IBA 0.05 mgl™ 2.93d 4.65b 535a 431 A
BA 1.0+ IBA 0.1 mgl'1 161f 416 ¢ 4.49 bc 3.42B
BA 2.0+ IBA 0.05 mgl"l 247 e 3.00d 5.16a 354B
BA 2.0+ IBA 0.1 mgl™ 2.27e 3.15d 529 a 357B
Mean 205C 3.20B° 4.26 A

Means followed by the same letter(s) are not significantly different from each other at 5 % level .
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Table 10. Effect of BA, IBA levels and number of subcultures on average length of pro-
liferated shoots (cm) / explant of almond cv. Ne Plus Ultra during multipli-

cation stage

Subcultures 1% sub- 2" sub- 3" sub- Mean
Treatments culture culture culture
BA 0.0 +IBA 0.0 (control) 159e 1.95de 2.17d 190D
BA 1.0+ IBA 0.05 mgl™ 2.38d 3.65¢c 4.85a 3.63A
BA 1.0+ IBA 0.1 mgl™ 2.15d 3.20c 4.43 ab 3.26 B
BA 2.0+ IBA 0.05 mgl™ 2.05de 3.20c 4.14b 3.13BC
BA 2.0+ IBA 0.1 mgl™ 1.91de 3.15¢ 3.65¢ 290C
Mean 201C 3.03B° 3.85 A

Means followed by the same letter(s) are not significantly different from each other at 5 % level .

3.2.4. Effect on average number and
length of proliferated shoots /
explant for ”Hansen” rootstock

Data in Tables (11 and 12) indicated
the effect of IBA, BA levels and number
of subcultures on average number and
length of shoots / explant of “Hansen”
rootstock during multiplication stage.

Regarding the effect of BA and IBA
levels on average number of shoots/ ex-
plant, it led to an evident increase in the
average shoot number with increasing BA
and IBA levels where the highest signifi-
cant mean was obtained by medium con-
tained BA at 2.0 mgl™ plus IBA at 0.1
mgl™. Insignificant differences were clear
between shoots treated by BA1.0 mgl™
plus IBA at 0.1 mgl™ and BA 2.0 mgl™
plus IBA at 0.05 mgl™ in the average
number of shoots. Meanwhile, the con-
trol treatment exhibited the least value
(1.03).

The interactions between the two
studied variables revealed that medium

containing BA 2.0 mgl™ plus IBA at 0.1
mgl™ through 3™ subculture exhibited the
highest value of average number of
shoots / explant (6.11) .On the contrary,
shoots cultured in free hormones medium
recorded the least number of shoots dur-
ing the three subcultures.

As for the effect of BA and IBA lev-
els on the average shoot length of Hansen
rootstock, the longest shoot (3.57cm) was
obtained with medium supplemented with
BA at 1.0 mgl™ plus IBA at 0.1 mgl™.No
significant differences between shoots
cultured in medium containing BA at 2.0
mgl™ plus IBA at 0.05 or 0.1 mgl™* and
BA at 1.0 mgl™ plus IBA at 0.05 mgl™ on
the average shoot length. Whereas, the
shortest shoots (1.3 ¢cm) was noticed with
control treatment (zero BA and IBA).

The interactions between the two
studied factors, cleared that the highest
values of average shoot length (4.19, 3.95
and 3.79cm) were noticed with media
supplemented with BA at1.0 mgl™® plus
IBAat0.1mgl*and BAat 2.0 or 1.0
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Table 11. Effect of BA, IBA levels and number of subcultures on average number of
proliferated shoots/ explant of “Hansen” rootstock during multiplication

stage.

Subcultures 1% sub- 2" sub- 3" sub-
Treatments culture culture culture Mean
BA 0.0 +IBA 0.0 (control) 1.00i 1.03i 1.05i 1.03D
BA 1.0+ IBA 0.05 mgl'1 2.80h 3.35¢ 4.75 de 3.63C
BA 1.0+ IBA 0.1 mgl™ 4.32 ef 457 de 5.38b 475B
BA 2.0+ IBA 0.05 mgl™ 4.00 f 491 b-d 5.39 b 4.76B
BA 2.0+ IBA 0.1 mgl™ 487 cd 5.25 bc 6.11a 5.14 A
Mean 340C 3.82B 453 A

Means followed by the same letter(s) are not significantly different from each other at 5 % level .

Table 12. Effect of BA, IBA levels and number of subcultures on average length of pro-
liferated shoots (cm) / explant of “Hansen” rootstock during multiplication

stage.

Subcultures 1% sub- 2" sub- 3" sub-
Treatments culture culture culture Mean
BA 0.0 +IBA 0.0 (control) 0.83f 1.38e 174 ¢ 131C
BA 1.0+ IBA 0.05 mgl™ 2.22d 31lc 3.79 ab 3.04B
BA 1.0+ IBA 0.1 mgl™ 285¢ 3.68b 4.19a 357A
BA 2.0+ IBA 0.05 mgl™ 2.22d 290c 3.95ab 3.02B
BA 2.0+ IBA 0.1 mgl'1 2.27d 3.00c 3.75b 3.00B
Mean 207C 2.81B° 348 A

Means followed by the same letter(s) are not significantly different from each other at 5 % level .
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mgl™ plus IBA at 0.05 mgl™ during the 3™
subculture, respectively. On the other
hand, the least value of shoot length
(0.83cm) was recorded by control treat-
ment during the 1* subculture.

Results in this section indicated that
increasing BA concentration up to 2.0
mgl™ resulted in a significant increase in
average of shoot number, whereas shoot
length was decreased with BA at 2 mgl™.
These results agreed with the findings of
Tabachnik & Kester (1977) and Rugini
& Verma (1983) who reported that high
concentration of BAP promoted shoot
proliferation, whereas low concentration
encouraged shoot elongation for almond
cultivars. Generally, in the present study,
the results showed that the combination
of IBA at 0.05 - 0.1 mgl™ and BA at 1-2
mgl™ gave the best shoot proliferation
and shoot length with the three almond
cvs. and Hansen rootstock under study
Similarly Gurel and Gulsen (1998)
found that the combination of 0.1 mgl™
IBA and 1 mgl™ BAP was the most effec-
tive in terms of new shoot production and
rate of shoot growth of almond . Howev-
er, BAP was essential for shoot prolifera-
tion. The same results were obtained for
Nonpareil 15-1 cv. using 3.0 uM BAP for
shoot proliferation and 1.0 uM BAP for
shoot elongation, and for Ne Plus Ultra
cv. using 5.0 uM BAP for shoot prolifer-
ation and 1.0 uM BAP for shoot elonga-
tion. Low concentration of IBA at 0.049
was necessary for almond cultivars to
promote longer shoots when compared to
the same medium without IBA (Chan-
nuntapipat et al 2003).

Results in the current study showed
an evident increase in shoot number by
increasing number of subcultures till
the3™ one, and these results are in harmo-
ny with Wanas (1999) who found that

the increasing in number and length of
proliferated shoots of Hansen rootstock
by the 39 and 4" subcultures was
achieved in MS medium plus 0.4 mgl™
IBA, 1.5 mgl* BA .However, it is wor-
thy to perform further experiment in or-
der to determine after how many numbers
of subculture the cultures should be re-
newed to avoid any decrease in prolifera-
tion rate.

3.3. Effect of auxins type and concen-
trations on callus formation and
rooting of some almond cvs and
Hansen rootstock.

3.3.1. Effect on callus formation

Data in Table (13) showed the effect
of IBA and NAA levels on callus for-
mation of three almond cultivars and
“Hansen” rootstock .

Regarding almond cultivars and
“Hansen” rootstock effect, it is clear that
Om- Elfahm cv. and Hansen rootstock
exhibited the largest callus (3.22 and
3.16) (more than 10 mm diameter) with-
out significant differences between them,
followed by Ne Plus Ultra cv. which rec-
orded 1.87 scale (5 -10 mm diameter). On
the other hand, the smallest size of callus
(less than 5mm diameter) 1.44 was no-
ticed with M- Dalet cultivar.

It is clear that callus formation greatly
increased with increased concentration of
IBA.

The interactions between the two
studied factors (cultivars and treatments)
were significant in most cases. The high
callus formation scale (3.89) was noticed
with Om- Elfahm cv. cultured in Bourgin
and Nitcsh medium supplemented by IBA
at 0.4 mgl™ plus NAA at 0.8 mgl™. On
the contrary, medium contained NAA at
1mgl™ with M -Dalet and Ne Plus Ultra
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Table 13. Effect of IBA and NAA levels on callus formation of almond cvs. (Om —
Elfahm, M-Dalet and Ne Plus Ultra) and Hansen rootstock during rooting

stage.
Cvs. Oom- Ne Plus

Treatments Elfahm M-Dalet Ultra Hansen Mean
IBA 1.0 mgl™ 367ab 1.56de 2.22c 367ab 278A
NAA 1.0 mgl™* 1.56de 1.00e  1.00e 1.33de 1.22C
0.2mgl*IBA+0.4 mgl'*NAA  344ab 1.33de 1.56de 3.33b 2.42B
0.4 mgl*IBA +0.8 mgl * NAA 389a 156de 2.33c 3.78ab 2.84A
05mgl'IBA+1.0 mgl*NAA  356ab 1.76cd 222c 367ab 283A
Mean 322A° 144C 1.87B° 3.16A

Callus index:

0.0 - 1: no or very small callus
2.1 - 3: moderate callus (less than 5-10 mm diameter)

1.1- 2 : small callus (less than 5 mm diameter)
3.1 -4 : large callus ( more than 10 mm diameter)

Means followed by the same letter(s) are not significantly different from each other at 5 % level .

cvs. showed the least values (1.00). Gen-
erally, IBA only or IBA combined with
NAA resulted in increasing callus size
for Om- Elfahm cv. and “Hansen” root-
stock. Meanwhile , it was ineffective for
Ne Plus Ultra and M- Dalet almond culti-
vars.

3.3.2. Effect on rooting percentages

Data in Table (14) showed the effect
of IBA and NAA levels on rooting per-
centages of three almond cultivars and
“Hansen” rootstock.

As for auxin treatments it is clear that
all the used treatments resulted in differ-
ent means of the rooting except with
NAA at 1.0 mgl™ only. Shoots treated by
IBA combined with NAA significantly
increased rooting percentages .The high-
est rooting percentages (38.89 and 33.34
%) were obtained with Bourgin and

Nitsch medium supplemented with IBA
at 0.4 mgl™ plus NAA at 0.8 mgl™ and
IBA at 0.5 mgl™ plus NAA at 1.0 mgl™
respectively, without significant differ-
ences between them ,followed by IBA at
0.2 mgl™ plus NAA at 0.4 mgl™ . On the
other hand, NAA or IBA only at 1.0
mgl™ exhibited the least values (0.0 and
2.78%) of rooting percentages, respec-
tively .

Concerning the varietal differences
between almond cultivars and Hansen
rootstock, the greatest rooting percentage
(31.12%) was cleared with Hansen hybrid
rootstock followed by (20.0%) for Ne
Plus Ultra cultivar with insignificant dif-
ference between them. Whereas, the low-
est value of rooting percentage (6.67%)
was recorded for Om —Elfahm cultivar.

The interactions between treatments
and cultivars , showed the highest value
of rooting percentage (66.67%) with
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Table 14. Effect of IBA and NAA levels on rooting percentages of almond cvs. (Om—
Elfahm, M-Dalet and Ne Plus Ultra) and Hansen hybrid rootstock .

0.4 mgl'IBA+0.8 mgl™ NAA

0.5 mgl'IBA+1.0 mgl™ NAA 0.0d

33.34bc 55.56ab 33.33bc

Cuvs. Om- Ne Plus
M-Dalet Hansen  Mean
Treatments Elfahm Ultra
IBA 1.0 mgl™ 0.0d 0.0d 00d 111lcd 278C
NAA 1.0 mgl™* 0.0d 0.0d 0.0d 0.0d 00C
0.2 mgl'IBA+0.4 mgl* NAA 0.0d 00d 11.11cd 66.67a 19.45B

33.33bc 38.89 A

33.34bc 55.56ab 44.45ab 33.34 A

Mean 6.67 C

17.78BC" 20.0 AB® 31.12 A°

Means followed by the same letter(s) are not significantly different from each other at 5 % level.

Hansen shoots treated by IBA at 0.2 mgl™
plus NAA at 0.4 mgl™. No significant
differences between M-Dalet shoot treat-
ed by IBA at 0.4 mgl * plus NAA at 0.8
mgl? and Ne Plus Ultra or Hansen
shoots treated by IBA at 0.5 mgl™ plus
NAA at 1.0 mgl™. However, no rooting
was noticed with IBA at 1.0 mgl™ for
Om-Elfahm, M-Dalet and Ne Plus Ultra
or by NAA at 1.0 mgl™ for all used culti-
vars or shoot treated by IBA at 0.2 mgl™
+NAA 0.4 mgl™ for Om-Elfahm and M-
Dalet cultivars and 0.5 mgl® IBA+1.0
mgl™ NAA for Om —Elfahm .

Results indicated that the best rooting
percentages were obtained with medium
contained IBA at 0.2 mgl™ plus NAA at
0.4 mgl™ for “Hansen” rootstock and IBA
at 0.5 mgl™ plus NAA at 1.0 mgl™ for Ne
Puls Ultra cv. and IBA at 0.4 mgl™ plus
NAA at 0.8 mgl * for M-Dalet cv.

As far as the previous work in such
concern, Bourgen and Nitsch medium is
mostly used. This was found with Caboni
and Damiano (1994) who used Bourgin
and Nitsch medium supplemented by
10pM IBA or 10uM IAA for rooting

shoots of two almond genotypes. Also,
Saeed (1998) obtained highest rooting
percentage for two almond cvs. (Ne Plus
Ultra and Nonpareil) by using Bourgin
and Nitsch medium supplemented by
IBA+ NAA .0On the contrary, Wanas
(1999) found that using ¥2 MS medium
plus 0.2 mgl™ IBA + 0.4 mgl™ NAA gave
75% rooting in Hansen rootstock.
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