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Abstract:  In this research, a factorial 4×3×4 with 4 replications in Completely Randomized design was used to
study the effects of different auxin treatments (4 levels), pH(2 levels) and cultivars (3 levels) on regeneration
and rooting of in vitro shoot tips   excised from shoots cultured on media supplemented with 1.5-2 mg/l BA.
The results showed both auxins (NAA and IBA) produced callus in the bases of the shoots. NAA treatment
gave friable callus and IBA produced compact callus. Between two types of auxins used only shoots treated
with IBA produced roots.  PH levels had significant effect on rooting. The shoots of ‘Shahrood 8’ produced
roots at pH 5.7 in the rate of 70%. And the shoots of ‘Shahrood 10’ generated roots at pH 4.8 at the rate of 60%.
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INTRODUCTION auxillary  buds  from Non-pareil almond cultivar

Almond is an important nut crop in the world. In vitro and shoots were rooted in presence of 1 mg/l
culture techniques have been used for propagation of naphthaleneacetic acid (NAA) in light [11]. Keeping
many cultivars in this species [1-6]. In most cases, there micropropagated shoots in darkness for a determined
was no problem with shoot formation and proliferation. period during rooting phase is generally favourable to
The crucial stage in the micropropagation of almond is rooting of Prunus  species [10, 12].
rooting, because only a good rooting permits a successful The objective of the present research was to study
transfer from in vitro to greenhouse and then to the field the effects of different auxins and pH levels on shoot
conditions. However, the induction of roots is not always proliferation and rooting response of in vitro derived
so easy or is not enough for good development and plant shoots of 3 late- flowering almond cultivars.
survival. Different treatments and conditions have been
used to overcome this problem. MATERIALS AND METHODS

The mineral concentration of the culture medium
effects rooting characteristics and some researchers Actively growing shoots (5-7 cm long) ) were
proposed its reduction to half normal strength for rooting collected in spring from 2 selected late-flowering almond
improvement [7]. It is well accepted and confirmed many cultivars ‘Shahrood’ 8 and ‘Shahrood 10’ and also one
times that auxin is a requirement for initiation and late-flowering tree growing from seed ‘Safe 3’. For
adventitious roots [2, 8]. For example, It has been sterilization, the explants were properly washed with top
documented that 1-2 mg/l Indole-3-butryic acid (IBA) water and a commercial detergent and then subjected to
produced 64% rooting from in shoots derived in vitro different treatments. First, they were shaked in a solution
culture of GF677. Murashige & Skoog (MS) [9] medium of 4 g/l benomyle for 45min on an orbital shaker, then they
supplemented  with  1.5  mg/l  Benzyladenine  (BA)  and treated with 200 mg/l mercuric chloride for 3 min, rinsed 2
0.1 mg/l Indoleacetic acid (IAA) have been proved the times with sterilized distilled water and after that they were
best  for  shoot  proliferation  in  almond  rootstock treated with 10% Golrang (a commercial bleach with 5.25%
'Hounsen'  and  80%  of  shoots  gave  root  in  MS/2 sodium hypochlorite) for 15 min. Nodal segments of these
medium  with  0.5  mg/l IBA [10]. In vitro culture of shoots (1.5-2 cm) were used as explant.

proliferated  shoots  in  the  rate  of  5-10  shoots/explant
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MS medium supplemented with different RESULTS
concentrations  of  BA  (0,  1,  1.5,  2,  2.5  and  3  mg/l)
and 0.1 mg/l IBA were used for shoot proliferation. Then
for evaluation the effects of different auxins and pH levels
on shoot growth and rooting, the shoot tips of 2cm long
originated from media containing BA were cultured on
half strength MS medium. Treatments were : Control
(without Plant growth regulator), IBA 2 mg/l,  NAA 2 mg/l
and  IBA  1mg/l  +  NAA  1mg/l  and  also  two  levels  of
pH  (4.8  and 5.7).  Media  contained  sucrose  (30  g/l),
agar (7 g/l agar-agar sigma) and were adjusted to pH 4.8 or
pH 5.7 prior to autoclaving (121 C for 20 min). The rooting?

media were placed in the dark for 7 days before expose to
light. Three weeks after rooting, plantlets were thoroughly
washed in distilled water to remove the agar and
transferred to small transparent box containing 1/3
vermiculate, 1/3 perlite and 1/3 sand (v/v) and 10 g/kg
zeolile. Cultures were maintained at 25±°C with a 16-h
photoperiod (36 mol m  s ) provided by cool white-2 -1

fluorescent tubes.
A  factorial  experiment  4×3×2  with  4  replicates

(each containing 4 shoots) in Completely Randomized
design was used. Data were analyzed using SPSS.
Differences between means were evaluated using
Duncan’s multiple range test.

The results of shoot proliferation from nodal
segments of the three almond cultivars ‘Shahrood 8’,
‘Shahrood 10’ and ‘Safe 3’ showed that regardless of
different concentrations of BA . Shoot proliferation rate of
‘Shahrood 10’ (3.16) and ‘Shahrood 8’ (3) was
significantly   greater   than   ‘Safe  3’  (2.48)  (Table  1).
The best concentrations of BA were 1.5 and 2 mg /l in
which the 3 cultivars produced the highest rate of
proliferation, although, the number of shoots per explant
of cultivars ‘Shahrood 8’ (4.67 in 1.5 mg/l and 4 in 2 mg/l)
and ‘Shahrood 10’ (4.58 in 1.5 mg/l and 4.75 in 2 mg/l) were
greater than ‘‘Safe 3’ (3.16 in 1.5 and 3.83 in 2 mg /l BA).
In  all  cultivars  increasing  BA concentration from 2.5 to
3 mg/l resulted in  leaf  abnormality  and  vitrification
(Figure 1. a &b).

One week after transferring the microshoots
(originated from media containing BA) on MS/2 medium
supplemented with different auxins (IBA, NAA and their
combination), they started to growth and proliferation and
also in some treatments callus formed in the base of the
shoot. For indicating the rate of callus formation in the
base of transferred shoots, a 1-10 scoring system was
developed; 1 stand for no callus and 10 for maximum
callus formation.

Fig. 1: In vitro culture of almond 'Shahrood 8' a) shoot proliferation with 2 mg/l BA, b) shoot abnormality in 3 mg/l BA,
c&d) callus and root induction with 2mg/l IBA at pH 5.7 and E) establishment of rooted shoot in soil
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Table1:Shoot proliferation rate from nodal segments of 3 almond cultivars in different concentration of BA with 0.1 mg IBA.
Average shoot no.per explant†

Cultivars
BA mg l-1 Shahrood  8 Shahrood 10 Safe 3 Mean
0 1.00ij 1.00ij 0.75j 0.92E
0.5 1.75hi 1.60hi 1.75hi 1.72D
1 2.33gh 2.67efg 2.41fgh 2.47C
1.5 4.67ab 4.58abc 3.16def 4.14A
2 4.00abcd 4.75a 3.83cd 4.19A
2.5 3.33de 3.92bcd 3.33de 3.58B
3 3.90bcd 3.58d 1.83h 3.36B
Mean 3.00A 3.16A 2.56B
†Means with  similar letters (small letters for treatments and capital letters for main effects) are not significant at 5% level of probablity using Duncan’s multiple
range test.

Table 2: Effects of cultivar and plant growth regulators on shoot proliferation†
Average shoots no. per explant
------------------------------------------------------------------------------------------------------

Cultivars Safe 3 Shahrood 10 Shahrood 8 Mean
Control 1.41bc 1.00c 1.83b 1.42B
NAA 2.33b 1.10c 2.67a 2.56A
IBA 1.10d 1.00c 1.00c 1.00C
IBA+NAA 1.00d 1.00c  1.33bc 1.11C
Mean 1.44B 1.04C 1.70A

Average shoot length /explant (mm)
Control 15.58b 22.33a 8.73d 14.88A
NAA  10.25cd 16.00b 7.75d 11.33B
IBA 18.05b 17.67b 14.00bc 16.58A
IBA+NAA 15.67b   15.50bc 14.00bc 15.06A
Mean 14.40B 17.88A 11.12C
†Means with  similar letters (small letters for treatments and capital letters for main effects) are not significant at 5% level of probability using Duncan’s
multiple range test

Table3: Interaction of different factors on shoot proliferations
Average no. of shoot per explant†

5.7 4.8
pH -------------------------------------------------------------------- ------------------------------------------------------------------
Cultivars Safe3 Shahrood10 shahrood 8 Safe3 Shahroor10 shahrood8 Mean
Control 1.83bc 1.00d 2.33b 1.00d 1.00d 1.33cd 1.42B
NAA 2.33b 1.33cd 3.33a 2.33b 1.00cd 2.00b 2.56A
IBA 1.00d 1.00d 1.00d 1.00d 1.00d 1.00d 1.00C
IBA+NAA 1.00d 1.00d 1.33cd 1.00d 1.33cd 1.33cd 1.11C
Mean 1.54A 1.25B
†Means with  similar letters (small letters for treatments and capital letters for main effects) are not significant at 5% level of probability using Duncan’s
multiple range test.

Table 4:Effects of cultivar, pH and plant growth regulators on formation of callus. 
Rate of callus per explant†

Safe 3 Shahrood 10 Shahrood 8 
Cultivars ----------------------------------- ---------------------------------- ------------------------------------
pH 5.7 4.8 5.7 4.8 5.7 4.8 Mean
Control 1.0g 1.3fg 1.0g 1.0g 1.0g 1.0g 1.1D
NAA 7.0a 3.7c 1.0g 2.3def 7.0a 1.7efg 3.8A
IBA 2.0efg 3.3cd 1.0g 1.3fg 1.3fg 3.0cde 2.0C
IBA+NAA 2.0efg 1.0g 1.3fg 2.0efg 5.3b 3.7c 2.6B
Mean 2.67A 1.37B 3.0A
†Means with  similar letters (small letters for treatments and capital letters for main effects) are not significant at 5% level of probability using Duncan’s
multiple range test
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First we present the effects of different treatments on pH 4.8 at the rate of 60%. Each shoot initiated 1-3 roots in
shoot proliferation and then we show their effects on
rooting.

The effects of different cultivars and auxins
treatments  on  shoot  number and shoot length per
explant  were  summarized  in Table 2. In the culture
medium supplemented with 2 mg/l NAA, ‘Shahrood 8’
produced  the  highest   shoots   number   per  explant
(2.67 shoots/explant) followed by ‘Safe 3’ (2.33) and
‘Shahrood 10’(1.1) which were significantly different
(Table 2).  In   contrast,   in   the   same   rate   of   NAA,
the highest  shoot  length  was  observed  in  ‘Shahrood
10’ (16 mm) followed by ‘Safe 3’(10.25 mm) and ‘Shahrood
8’ (7.75 mm). ‘In shahrood 10’ cultivar addition of auxin to
culture medim significantly decreased shoot length from
22.33 mm (control) to 15.50 mm (IBA+NAA). In contrast,
in ‘Shahrood 8’ shoot length significantly ecreased from
8.73mm in control to 14 mm in medium supplemented with
1mg/l IBA and 1mg/l NAA.

The effect of cultivars, auxin treatments and pH
levels on shoot proliferation were shown in Table3.
Regardless of cultivars and auxin treatments, shoot
proliferation rate (1.54) at pH 5.7 was significantly higher
than it at pH 4.8 (1.25).

There was an important interaction between pH
levels, auxin treatments and cultivars on shoot
proliferation. The highest shoots proliferation (3.33)
gained in ‘Shahrood 8’ in pH 5.7 and 2 mg/l NAA which
was significantly different from other treatments.

In relation to callus formation, the results showed an
important interaction between the cultivars and auxin
treatments  and  pH  levels  on  rate  of  callus  formation
in the  base of shoots. The maximum callus (7) produced
in ‘safe 3’ and ‘Shahrood 8’ in 2 mg/l NAA at pH 5.7
which  was significantly different from ‘Shahrood 10’
(1.00) in the same concentration of NAA. IBA initiate
callus  formation but  not  as  much  as  NAA  (Table  4).
The amount of callus formed  in 2 mg /l IBA at pH 4.8 in
‘Shahrood 8’ (3) and ‘Safe 3’ (3.3) were greater than the
amount of callus formed in the same concentration of IBA
at pH 5.7. In ‘Shahrood 10’, the rate of callus formation at
pH 4.8 at different auxin treatments were higher than it at
pH 5.7.

Concerning root initiation and development, the
results of using different auxin treatments and pH levels
on 3 cultivars showed that rooting occurred in ‘Shahrood
8’ and  ‘Shahrood 10’ only on the media supplemented
with 2 mg/l IBA.  The shoots of ‘Shahrood 8’ at pH 5.7
produced roots in the rate of  70%  and  ‘Shahrood  10’  at

the length of 5-15 mm. Shoots with a little callus and more
than  5 mm  roots  were  transferred  to  soil  mixture
(Figure 1 C&D).

DISCUSSION

The present study has shown the multiple shoot
formation from nodal segments of 3 mentioned cultivars
in media supplemented with different BA concentrations.
The best proliferation rate occurred in media with 1.5-2
mg/l BA. In  all cultivars increasing BA concentration
from 2.5 to 3 mg/l resulted in leaf abnormality and
vitrification, which is in agreement with observations on
almond ‘Shahrood 7’ [12]. Our results showed that with
increasing proliferation rate the shoot length decreased,
this may be due to competition between shoots for
nutrient absorption from culture media as shown in other
species such as guava [13]. It is now well accepted and
has been confirmed many time that auxin is a requirement
for  initiation  of  adventitious  roots  [14].  So  in  this
study we used IBA and NAA and their combination.
Transferred Shoots in media containing NAA instead of
giving roots proliferate shoot and also callus formed in
the base of them especially in cultivars  ‘Safe 3’ and
‘Shahrood 8’ [15].  Shoots in media with IBA did not show
shoot proliferation but, a little callus formed in their bases.
The quality of callus formed in media with NAA was
different from those initiate in media with IBA, callus
formed in media supplemented with NAA was friable
developed rapidly but, callus in media containing IBA was
compact and had slow growth. Only IBA produced root
in two cultivars. Rooting have been occurred ‘Shahrood
8’ at pH 5.7 and ‘Shahrood 10’ at pH 4.8.  Roots frequently
emerge through the callus, leading to the belief that callus
formation is essential for rooting. Origin of adventitious
root from callus tissue has been associated with difficult-
to-root species [16], which was proved in our finding. It
has been reported that the pH of medium has a regulatory
effect on nutrient uptake by the explant tissue. There are
conflicting reports on the optimum pH level for almond
tissue culture. Gurel and Gulsen [14] indicated pH 5.5 was
optimum for cultivars Texas and Nonpareil which is not in
agreement with our finding. This might be attributed to
genotypic variation.
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